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behind the projector lens (11) and configured to emit light = — ' \

for forming an additional high-beam light distribution pat- M N 2tat ;‘m 1 X 7 »
tern, aupward reflecting surface (shade (21a1)) disposed L. =S¢ T ]
behind the projector lens (11) and configured to form a N / / ¢ ﬁ, ’

cutoff line of the low-beam light distribution pattern, and
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an optical path of a part of light emitted from the light
emitting element (31) so as to travel toward a portion
between the low-beam light distribution pattern and the
additional high-beam light distribution pattern.
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Description
Technical Field

[0001] The disclosure relates to a vehicle lamp and a
substrate used for the vehicle lamp.

Background Art

[0002] Conventionally, in order to reduce a size, a ve-
hicle lamp includes a light source unit configured to indi-
vidually turn on a plurality of light emitting elements and
has a projector type optical system using a single pro-
jector lens, and is capable of selectively performing a
low-beam irradiation and a high-beam irradiation (see
Patent Document 1).

Prior Art Document
Patent Document

[0003] Patent Document 1: JP-A-2006-164735

Summary of the Invention
Problems to be Solved by the Invention

[0004] In the lamp disclosed in Patent Document 1, at
a high-beam irradiation, an additional high-beam light
distribution pattern is added to a low-beam light distribu-
tion pattern. In the configuration of the lamp disclosed in
Patent Document 1, at a high-beam irradiation, a dark
portion may occur between the low-beam light distribu-
tion pattern and the additional high-beam light distribution
pattern. This dark portion causes unnatural feeling to a
driver.

[0005] In the lamp disclosed in Patent Document 1, at
a high-beam irradiation, an additional high-beam light
distribution pattern is added to a low-beam light distribu-
tion pattern. In the configuration of the lamp disclosed in
Patent Document 1, an arrangement location of a light
source (high-beam light source) configured to emit light
for forming the additional high-beam light distribution pat-
tern should be determined in a limited design space so
as to avoid a path of light for forming the low-beam light
distribution pattern. Therefore, the utilization efficiency
of light emitted from the high-beam light source may be
lowered.

[0006] In the lamp disclosed in Patent Document 1, at
a high-beam irradiation, an additional high-beam light
distribution pattern is added to a low-beam light distribu-
tion pattern. In the configuration of the lamp disclosed in
Patent Document 1, during operation, a light source
(high-beam light source) configured to emit light for form-
ing the additional high-beam light distribution pattern may
be exposed for a long time to a high temperature equal
to or higher than the product conditions, for example. In
this case, the performance of the light source is degraded
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and the product life of the vehicle lamp decreases.
[0007] Accordingly, a first object of the disclosure is to
provide a vehicle lamp capable of reducing unnatural
feeling to be caused to a driver at a high-beam irradiation.
[0008] A second object of the disclosure is to provide
a vehicle lamp capable of improving the utilization effi-
ciency of light of a light source configured to emit light
for forming an additional high-beam light distribution pat-
tern.

[0009] A third object of the disclosure is to provide a
vehicle lamp and a substrate capable of reducing a de-
crease in the product life.

Means for solving the problems

[0010] A vehicle lamp according to a first aspect of the
disclosure is configured to selectively perform a low-
beam irradiation and a high-beam irradiation. The vehicle
lamp includes:

a projector lens;

afirstlight source disposed behind the projector lens
and configured to emit light for forming a low-beam
light distribution pattern;

a second light source disposed behind the projector
lens and configured to emit light for forming an ad-
ditional high-beam light distribution pattern;

a shade disposed behind the projector lens and con-
figured to form a cutoff line of the low-beam light
distribution pattern; and

an optical path change portion configured to change
an optical path of a part of light emitted from the
second light source so as to travel toward a portion
between the low-beam light distribution pattern and
the additional high-beam light distribution pattern.

[0011] Since atip end of the shade cannot reflect light,
the tip end causes a dark portion between the low-beam
light distribution pattern and the additional high-beam
light distribution pattern. However, it is not possible to
physically reduce the thickness of the tip end to zero.
[0012] According to the above configuration, the opti-
cal path of the part of the light emitted from the second
light source is changed toward the portion between the
low-beam light distribution pattern and the additional
high-beam light distribution pattern. Accordingly, the dark
portion occurring due to the tip end of the shade can be
less noticeable, thereby reducing unnatural feeling to be
caused to a driver at a high-beam irradiation.

[0013] Inthe vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed in a region
of an exit surface of the projector lens where an emission
rate of light emitted from the second light source is higher
than that of light emitted from the first light source.
[0014] According to the above configuration, the opti-
cal path of the light emitted from the second light source
can be changed by the optical path change portion, and
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the dark portion occurring due to the tip end of the shade
can be further less noticeable.

[0015] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed as a tex-
ture on the region of the exit surface.

[0016] According to the above configuration, the opti-
cal path of the light emitted from the second light source
can be changed into a predetermined direction, and the
dark portion occurring due to the tip end of the shade can
be further less noticeable.

[0017] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed as a lens
step on the region of the exit surface.

[0018] Further,inthe vehicle lamp according to the first
aspect of the disclosure,

the optical path change portion may be formed in aregion
of an incident surface of the projector lens where an in-
cident rate of light emitted from the second light source
is higher than that of light emitted from the first light
source.

[0019] According to the above configuration, the opti-
cal path of the light emitted from the second light source
can be changed by the optical path change portion, and
the dark portion occurring due to the tip end of the shade
can be less noticeable. Further, the dark portion occur-
ring due to the tip end of the shade can be less noticeable.
[0020] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed as a lens
step on the region of the incident surface.

[0021] According to the above configuration, the opti-
cal path of the light emitted from the second light source
can be changed into a predetermined direction, and the
dark portion occurring due to the tip end of the shade can
be less noticeable.

[0022] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed as a tex-
ture on the region of the incident surface.

[0023] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may be formed in aregion
between the projector lens and the second light source
where a passing rate of light emitted from the second
light source is higher than that of light emitted from the
first light source.

[0024] According to the above configuration, the opti-
cal path of the light emitted from the second light source
can be changed by the optical path change portion, and
the dark portion occurring due to the tip end of the shade
can be further less noticeable.

[0025] In the vehicle lamp according to the first aspect
of the disclosure,

the optical path change portion may include an additional
optical member provided in the region.

[0026] According to the above configuration, the opti-
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cal path of the light emitted from the second light source
can be changed into a predetermined direction, and the
dark portion occurring due to the tip end of the shade can
be further less noticeable.

[0027] In the vehicle lamp according to the first aspect
of the disclosure,

the second light source may include a plurality of light
emitting elements, and the plurality of light emitting ele-
ments may be arranged in a left-right direction below a
rear focal point of the projector lens and may be config-
ured to be individually turned on.

[0028] According to the above configuration, in the
lamp capable of forming the additional high-beam light
distribution pattern with a plurality of types of irradiation
patterns by selectively turning on some of the plurality of
light emitting elements, the dark portion occurring due to
the tip end of the shade can be further less noticeable.
[0029] A vehicle lamp according to a second aspect of
the disclosure is configured to selectively perform a low-
beam irradiation and a high-beam irradiation. The vehicle
lamp includes:

a projector lens;

afirstlight source disposed behind the projector lens
and configured to emit light for forming a low-beam
light distribution pattern;

a second light source disposed behind the projector
lens and configured to emit light for forming an ad-
ditional high-beam light distribution pattern;

a base member on which the first light source and
the second light source are disposed; and

an optical member being a member separate from
the base member and configured to serve as a shade
for forming a cutoff line of the low-beam light distri-
bution pattern in a state of being attached to the base
member.

[0030] In the case where a shade portion is integrally
formed at a tip end of the base member, the tip end has
a certain thickness due to the limitation in the processing
conditions of the base member. Since the tip end cannot
reflect light, the tip end causes a dark portion.

[0031] According to the above configuration, since the
optical member is a member separate from the base
member, the shape of the tip end of the optical member
can be formed thinner without being limited by the
processing conditions of the base member. Therefore,
the thickness of the tip end, which causes a dark portion,
can be made smaller than a conventional one. Accord-
ingly, the occurrence of a dark portion can be reduced
to an extent that is less noticeable from a driver.

[0032] Inthe vehicle lamp according to the second as-
pect of the disclosure,

in a state where the optical member is attached to the
base member, the optical member may serve as a shade
for forming a cutoff line of the low-beam light distribution
pattern and also serve as a reflector for reflecting at least
a part of light emitted from the second light source toward
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the projector lens.

[0033] According to the above configuration, since the
optical member can be also used as the reflector, the
opticalmember can contribute to improving the utilization
efficiency of the light of the second light source.

[0034] Inthe vehicle lamp according to the second as-
pect of the disclosure,

an opening portion may be formed in the optical member,
and

in a state where the optical member is attached to the
base member, the second light source may be exposed
from the opening portion toward the front of the lamp.
[0035] According to the above configuration, the sec-
ond light source can be easily disposed in the vicinity of
a rear focal point of the projector lens, and the utilization
efficiency of direct light emitted from the second light
source can be enhanced.

[0036] Inthe vehicle lamp according to the second as-
pect of the disclosure,

the optical member may be formed with an upper plate
portion above the opening portion, and

an upper surface of the upper plate portion may include
a first reflective surface configured to reflect light emitted
from the first light source toward the projector lens.
[0037] According to the above configuration, since the
upper plate portion constituting the optical member can
be also used as a reflective surface of the light emitted
from the first light source, the upper plate portion can
contribute to improving the utilization efficiency of light
of the first light source.

[0038] Inthe vehicle lamp according to the second as-
pect of the disclosure,

a lower surface of the upper plate portion on a side op-
posite to the upper surface may include a second reflec-
tive surface configured to reflect light emitted from the
second light source toward the projector lens.

[0039] According to the above configuration, since the
upper plate portion constituting the optical member can
be also used as a reflective surface of light emitted from
the second light source, the upper plate portion can con-
tribute to improving the utilization efficiency of light of the
second light source.

[0040] Inthe vehicle lamp according to the second as-
pect of the disclosure,

atip end of the upper plate portion in a front-rear direction
of the lamp may be configured to form a cutoff line of the
low-beam light distribution pattern.

[0041] Accordingtothe above configuration, the upper
plate portion constituting the optical member can be also
used as a member for forming the cutoff line.

[0042] Inthe vehicle lamp according to the second as-
pect of the disclosure,

the optical member may be formed with a lower plate
portion below the opening in the optical member, and
an upper surface of the lower plate portion may include
athird reflective surface configured to reflect light emitted
from the second light source toward the projector lens.
[0043] According to the above configuration, since the
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lower plate portion constituting the optical member can
be also used as a reflective surface of light emitted from
the second light source, the lower plate portion can con-
tribute to improving the utilization efficiency of light of the
second light source.

[0044] Inthe vehicle lamp according to the second as-
pect of the disclosure,

the second light source may include a light emitting ele-
ment and a substrate on which the light emitting element
is disposed,

an upper end portion of the substrate may be arranged
above an optical axis of the projector lens, and

the vehicle lamp may include a cover member covering
the upper end portion from above and configured to re-
flect light emitted from the first light source toward the
projector lens.

[0045] According to the above configuration, the sec-
ond light source can be easily arranged in the vicinity of
the rear focal point of the projector lens.

[0046] In the vehicle lamp according to the second as-
pect of the disclosure,

the second light source may include a light emitting ele-
ment and a substrate on which the light emitting element
is disposed,

the base member may include a first surface on which
the first light source is disposed and a second surface to
which the substrate of the second light source is fixed,
and

in a state where the optical member is attached to the
base member, a gap in which an upper end portion of
the substrate enters may be formed between the optical
member and a tip end of the first surface in the front-rear
direction of the lamp.

[0047] According to the above configuration, the de-
gree of freedom in arranging the substrate is improved
by using the gap. For example, the upper end portion of
the substrate can be arranged above the optical axis
through the gap, and the second light source can be eas-
ily arranged in the vicinity of the rear focal point of the
projector lens.

[0048] In the vehicle lamp according to the second as-
pect of the disclosure,

the substrate may be interposed between the base mem-
ber and the optical member and may be fixed, together
with the optical member, to the base member by a fixing
member.

[0049] According to the above configuration, the sec-
ond light source can be easily arranged on the substrate
at a position close to the rear focal point of the projector
lens.

[0050] Inthe vehicle lamp according to the second as-
pect of the disclosure,

the optical member may be formed of a transparent poly-
carbonate resin.

[0051] According to the above configuration, the opti-
cal member can be prevented from being melted and
damaged by the condensation of sunlight.

[0052] A vehicle lamp according to a third aspect of
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the disclosure is configured to selectively perform a low-
beam irradiation and a high-beam irradiation. The vehicle
lamp includes:

a projector lens;

afirstlight source disposed behind the projector lens
and configured to emit light for forming a low-beam
light distribution pattern;

a second light source disposed behind the projector
lens and configured to emit light for forming an ad-
ditional high-beam light distribution pattern; and

a base member on which the first light source and
the second light source are disposed;

wherein the base member includes a first surface on
which the first light source is disposed and a second
surface on which the second light source is disposed,
and

wherein the second surface is an inclined surface
inclined with respect to an optical axis of the projector
lens such thatan emission portion of the second light
source disposed on the second surface faces ob-
liquely forward and upward and the emission portion
of the second light source is disposed below a rear
focal point of the projector lens.

[0053] According to the above configuration, most of
light emitted from the second light source is allowed to
pass through the vicinity of the rear focal point while plac-
ing the second light source at a position avoiding a path
of light for forming the low-beam light distribution pattern.
Therefore, the utilization efficiency of light of the second
light source can be improved.

[0054] Inthe vehicle lamp according to the third aspect
of the disclosure,

the second light source may include a plurality of light
emitting elements and a substrate on which the plurality
of light emitting elements are disposed,

the substrate may be fixed to the inclined surface, and
the plurality of light emitting elements may be arranged
on the inclined surface via the substrate.

[0055] According to the above configuration, most of
light emitted from the plurality of light emitting elements
disposed on the substrate is allowed to pass through the
vicinity of the rear focal point.

[0056] Inthe vehicle lamp according to the third aspect
of the disclosure,

an upper end portion of the substrate may be disposed
above the optical axis of the projector lens.

[0057] According to the above configuration, the plu-
rality of light emitting elements disposed on the substrate
can be brought closer to the rear focal point.

[0058] The vehicle lamp according to the third aspect
of the disclosure may include an optical member serving
as a shade for forming a cutoff line of the low-beam light
distribution pattern in a state of being attached to the
base member,

the optical member may include an opening portion, and
the plurality of light emitting elements may be exposed
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from the opening portion toward the front of the lamp.
[0059] According to the above configuration, the plu-
rality of light emitting elements can be arranged closer
to the rear focal point.

[0060] Inthe vehicle lamp according to the third aspect
of the disclosure,

the plurality of light emitting elements may be exposed
from the opening portion toward the front of the lamp,
may be arranged in a left-right direction below the rear
focal point of the projector lens and may be configured
to be individually turned on.

[0061] According to the above configuration, the utili-
zation efficiency of light of each light emitting element
can be improved in the plurality of light emitting elements
which can be individually turned.

[0062] A vehicle lamp according to a fourth aspect of
the disclosure includes:

a projector lens; and

a light source disposed behind the projector lens and
configured to emit light for forming a predetermined
light distribution pattern;

wherein the light source includes a plurality of light
emitting elements and a metal substrate on which
the plurality of light emitting elements are arranged,
wherein a plurality of wiring patterns and mounting
portions formed respectively for the wiring patterns
are formed on the substrate,

wherein the light emitting elements are connected
to the mounting portions, and each light emitting el-
ement is configured to be individually turned on, and
wherein when a shortest distance between the
mounting portions and end portions of the wiring pat-
terns is defined as A, a shortest distance between
the mounting portions and an end portion of the sub-
strate is defined as B, and a minimum arrangement
pitch between the plurality of light emitting elements
is defined as Pmin,

aratio (A/Pmin) of the shortest distance A to the min-
imum arrangement pitch Pmin is 0.57 or more, and
aratio (B/Pmin) of the shortest distance B to the min-
imum arrangement pitch Pmin is 1.7 or more.

[0063] According to the above configuration, the light
emitting elements are prevented from being heated to,
for example, a temperature equal to or higher than the
product condition even when the light source is operated
for a certain time or more. Therefore, a decrease in the
product life of the vehicle lamp can be reduced.

[0064] The vehicle lamp according to the fourth aspect
of the disclosure may include a metal base member on
which the light source is disposed,

the substrate may be fixed to the base member, and
the plurality of light emitting elements may be arranged
on the base member via the substrate.

[0065] According to the above configuration, heat gen-
erated from the light source can be radiated from the
base member via the substrate.
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[0066] The vehicle lamp according to the fourth aspect
of the disclosure is configured to selectively perform a
low-beam irradiation and a high-beam irradiation, and
the light source may be provided to emit light for forming
an additional high-beam light distribution pattern.
[0067] According to the above configuration, the light
source can be used to form the additional high-beam light
distribution pattern.

[0068] In the vehicle lamp according to the fourth as-
pect of the disclosure,

in a state where the substrate is fixed on the base mem-
ber, an end portion of the substrate may serve as a shade
for forming a cutoff line of the low-beam light distribution
pattern.

[0069] According to the above configuration, the light
emitting elements can be easily arranged in the vicinity
of the rear focal point of the projector lens, and the utili-
zation efficiency of light of the light source can be im-
proved. Further, since a part of the substrate can be used
as a shade, the number of parts can be reduced.
[0070] The vehicle lamp according to the fourth aspect
of the disclosure may include a shade disposed behind
the projector lens and configured to form a cutoff line of
the low-beam light distribution pattern,

wherein the plurality of light emitting elements may be
arranged within 5mm from a tip end of the shade toward
arear of the lamp in a front-rear direction of the lamp and
may be arranged within 4mm from the tip end of the shade
toward a lower side of the lamp in an upper-lower direc-
tion of the lamp.

[0071] According to the above configuration, a better
additional high-beam light distribution pattern can be ob-
tained in which unevenness is reduced while securing
brightness.

[0072] A substrate according to the fourth aspect of
the disclosure which is used for a vehicle lamp includes:

a plurality of light emitting elements; and

a metal substrate on which the plurality of light emit-
ting elements are arranged,

wherein a plurality of wiring patterns and mounting
portions formed respectively for the wiring patterns
are formed on the substrate,

wherein the light emitting elements are connected
to the mounting portions and each of the plurality of
light emitting elements is configured to be individu-
ally turned on, and

wherein when a shortest distance between the
mounting portions and end portions of the wiring pat-
terns is defined as A, a shortest distance between
the mounting portions and an end portion of the sub-
strate is defined as B, and a minimum arrangement
pitch between the plurality of light emitting elements
is defined as Pmin,

aratio (A/Pmin) of the shortest distance A to the min-
imum arrangement pitch Pmin is 0.57 or more, and
aratio (B/Pmin) of the shortest distance B to the min-
imum arrangement pitch Pmin is 1.7 or more.
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[0073] According to the above configuration, the light
emitting elements are prevented from being heated to,
for example, a temperature equal to or higher than the
product condition even when the light emitting elements
are operated for a certain time or more. Therefore, a de-
crease in the product life of the vehicle lamp can be re-
duced.

Effects of the Invention

[0074] According to the vehicle lamp of the first aspect
and the vehicle lamp of the second aspect of the disclo-
sure, the vehicle lamp can be provided which is capable
of reducing unnatural feeling to be caused to a driver at
a high-beam irradiation.

[0075] Further, according to the vehicle lamp of the
third aspect of the disclosure, the utilization efficiency of
light can be improved in the light source configured to
emit light for forming the additional high-beam light dis-
tribution pattern.

[0076] Further, according to the vehicle lamp and the
substrate of the fourth aspect of the disclosure, a de-
crease in the product life can be reduced.

Brief Description of Drawings
[0077]

FIG. 1 is an exploded perspective view of a vehicle
lamp according to a first embodiment of the disclo-
sure.

FIG. 2 is a view showing a vertical cross section of
the lamp of FIG. 1, as viewed from a horizontal di-
rection.

FIG. 3is aview showing an optical path in the vehicle
lamp according to the first embodiment.

FIGS. 4A and 4B are views corresponding to FIG.
2, showing alongitudinal sectional view of the vehicle
lamp for explaining an optical path change portion
of a modification 1 of the first embodiment.

FIG. 5A shows an example of a light distribution pat-
tern of a conventional vehicle lamp, and FIG. 5B
shows an example of a light distribution pattern of
the vehicle lamp of the first embodiment.

FIG. 6 is a view corresponding to FIG. 2, showing a
longitudinal sectional view of the vehicle lamp for
explaining an optical path change portion of a mod-
ification 2 of the first embodiment.

FIG. 7 is a view corresponding to FIG. 2, showing a
longitudinal sectional view of the vehicle lamp for
explaining an optical path change portion of a mod-
ification 3 of the first embodiment.

FIG. 8 is an exploded perspective view of a vehicle
lamp according to a second embodiment of the dis-
closure.

FIG. 9 is a view showing a vertical cross section of
the lamp of FIG. 8, as viewed from the horizontal
direction.
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FIGS. 10Ato 10C are views showing an optical mem-
ber of the vehicle lamp according to the second em-
bodiment.

FIG. 11A is a partial sectional view for explaining a
vehicle lamp of a modification 1 of the second em-
bodiment, and FIG. 11B is a comparative view show-
ing a conventional configuration.

FIG. 12 is an exploded perspective view of a vehicle
lamp according to a third embodiment of the disclo-
sure.

FIG. 13 is a view showing a vertical cross section of
the lamp of FIG. 12, as viewed from the horizontal
direction.

FIG. 14 is an exploded perspective view of a vehicle
lamp according to a fourth embodiment of the dis-
closure.

FIG. 15 is a view showing a vertical cross section of
the lamp of FIG. 14, as viewed from the horizontal
direction.

FIG. 16 is a view for explaining a substrate used for
the vehicle lamp according to the fourth embodiment.
FIG. 17 is a view for explaining a fixed position of a
light emitting element.

FIGS. 18A to 18C are views showing temperature
measurement results of the light emitting element.
FIG. 19 is a view showing a modification of a shade
member.

FIGS. 20A and 20B are views perspectively showing
light distribution patterns which are formed on a vir-
tual vertical screen disposed in front of the lamp by
light irradiated from the vehicle lamps according to
the first to fourth embodiments.

FIG. 21A shows an example of a light distribution
pattern of a conventional vehicle lamp, and FIG. 21B
shows an example of a light distribution pattern of
the vehicle lamp of the second embodiment.

FIG. 22 is a view showing a configuration example
of a conventional vehicle lamp.

FIGS. 23A to 23E are views for comparing a light
distribution pattern by a conventional configuration
with a light distribution pattern according to a config-
uration of the third embodiment of the disclosure.

Description of Embodiments
<First Embodiment>

[0078] Hereinafter, as an example of a vehicle lamp 1
of the disclosure, a vehicle lamp of a first embodiment
will be described in detail with reference to the drawings.
[0079] As shownin FIGS. 1 and 2, a vehicle lamp 1A
includes a projector lens 11, a lens holder 12, a light
emitting element (an example of a first light source) 13,
areflector 14, an optical member (an example of a shade)
20, a reflective member 25, a light source unit (an exam-
ple of a second light source) 30, a base member 40, and
afan41. Meanwhile,in FIG. 2, for ease of view, the shape
of the reflector 14 is shown in a simplified manner.
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[0080] The vehicle lamp 1A is, for example, a head-
lamp capable of selectively performing a low-beam irra-
diation and a high-beam irradiation and is configured as
a projector type lamp unit.

[0081] The projector lens 11 has an optical axis Ax
extending in a front-rear direction of a vehicle. The pro-
jector lens 11 is a plano-convex aspheric lens having a
front convex surface and arear flat surface. The projector
lens 11 is configured to project a light source image
formed on a rear focal plane which is a focal plane in-
cluding a rear focal point F thereof, as an inverted image,
on a virtual vertical screen in front of the lamp. In the
present embodiment, the virtual vertical screen is dis-
posed, for example, at a position of 25m in front of the
vehicle. Meanwhile, both the front surface and the rear
surface of the projector lens 11 may be convex. The pro-
jector lens 11 is supported by the lens holder 12 at its
outer peripheral flange portion. The lens holder 12 for
supporting the projector lens 11 is supported on the base
member 40. An extension 12a for concealing an inner
wall surface of the lens holder 12 so as not to be visible
from the outside is attached to the lens holder 12.
[0082] Thelightemitting element 13is disposed behind
the rear focal point F of the projector lens 11. The light
emitting element 13 is configured by, for example, a white
light emitting diode and has a laterally elongated rectan-
gular light emitting surface. The light emitting element 13
is disposed upward with its light emitting surface posi-
tioned slightly above a horizontal plane including the op-
tical axis Ax. The light emitting element 13 is fixed to the
base member 40 via an attachment 13a. Light emitted
from the light emitting element 13 is mainly incident on
a region of a rear surface (incident surface) of the pro-
jector lens 11 positioned below the optical axis Ax and
is emitted from an exit surface, thereby forming a low-
beam light distribution pattern.

[0083] Meanwhile, in the present embodiment, the
"low-beam light distribution pattern" and the "additional
high-beam light distribution pattern” (to be described lat-
er) mean light distribution patterns formed on a virtual
vertical screen disposed, for example, at a position of
25m in front of the vehicle. Further, the portion "between
the low-beam light distribution pattern and the additional
high-beam light distribution pattern" means the portion
between both of the light distribution patterns formed on
the virtual vertical screen.

[0084] The reflector 14 is disposed so as to cover the
light emitting element 13 from the upper side and config-
ured to reflect light from the light emitting element 13
toward the projector lens 11. A reflective surface of the
reflector 14 for reflecting light has an axis connecting the
rear focal point F and a light emission center of the light
emitting element 13. The reflective surface is formed by
a substantially elliptical curved surface having the light
emission center of the light emitting element 13 as a first
focal point. The reflective surface is set such that its ec-
centricity gradually increases from a vertical cross sec-
tion toward a horizontal cross section. The reflector 14
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is supported by the lens holder 12.

[0085] The light source unit 30 includes a plurality of
light emitting elements 31 and a substrate 32.

[0086] The light emitting elements 31 are arranged in
a left-right direction at the lower rear side of the rear focal
point F of the projector lens 11. Each of the light emitting
elements 31 is configured by, for example, a white light
emitting diode and has a square light emission surface,
for example. The light emitting elements 31 are mounted
on the substrate 32 in a state where its light emission
surface is inclined upward with respect to the front direc-
tion of the lamp. The substrate 32 on which the light emit-
ting elements 31 are mounted is supported on the base
member 40.

[0087] In the present embodiment, eleven light emit-
ting elements 31 are arranged on the substrate 32. For
example, the light emitting elements 31 is arranged at
equal intervals in the left-right direction and centered on
the position directly below the optical axis Ax. Each of
the light emitting elements 31 can be individually tuned
on by a lighting control circuit provided on the substrate
32. Light emitted from the light emitting elements 31 is
incident on substantially the entire area of an incident
surface of the projector lens 11 and emitted from an exit
surface, thereby forming an additional high-beam light
distribution pattern.

[0088] The light of each light emitting element 31 di-
rected toward the projector lens 11 passes through its
rear focal plane with a certain extent. The range of the
bundle of light beams slightly overlaps between adjacent
light emitting elements. Meanwhile, the light emitting el-
ements 31 may not be arranged in a bilaterally symmet-
rical manner with respect to the position directly below
the optical axis Ax. Further, the light emitting elements
31 may not be arranged at equal intervals.

[0089] The optical member 20 has a plate-shaped up-
per plate portion 21 and a plate-shaped lower plate por-
tion 22 arranged in parallel in a substantially horizontal
manner with a predetermined interval in an upper-lower
direction. A predetermined spaced interval between the
upper plate portion 21 and the lower plate portion 22
serves as an opening 23 in which the light emitting ele-
ments 31 of the light source unit 30 are disposed. The
light emitting elements 31 are arranged so as to be ex-
posed from the opening 23 toward the front of the lamp.
The optical member 20 is formed of aluminum die cast
or transparent polycarbonate resin or the like having ex-
cellent heat resistance. The optical member 20 is sup-
ported, together with the light source unit 30, on the base
member 40.

[0090] An upper surface of the upper plate portion 21
constitutes an upward reflective surface 21a which
shields a part of light emitted from the light emitting ele-
ment 13 and reflected by the reflector 14 and then reflects
the shielded light upward. The upward reflective surface
21a allows the reflected light to be incident on anincident
surface of the projector lens 11 and allows the incident
light to be emitted from a front surface (exit surface) of
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the projector lens 11. The upward reflective surface 21a
is formed so as to be inclined slightly forward and down-
ward with respect to a horizontal plane including the op-
tical axis Ax. A left area of the upward reflective surface
21alocated on the left side (the right side in the front view
of the lamp) of the optical axis Ax is configured by an
inclined surface inclined obliquely upward and rearward
from the position of the horizontal plane including the
optical axis Ax. A right area of the upward reflective sur-
face 21alocated on the right side (the left side in the front
view of the lamp) of the optical axis Ax is configured by
an inclined surface which is lower than the left area by
one step via a short inclined surface. A front end edge
21a1 of the upward reflective surface 21a is formed so
as to extend from the position of the rear focal point F
toward the left and right sides.

[0091] A lower surface of the upper plate portion 21 on
the side opposite to the upper surface constitutes adown-
ward reflective surface 21b which reflects a part of light
emitted obliquely upward and forward from the light emit-
ting elements 31 toward the projector lens 11 on the front
side. The downward reflective surface 21b is formed so
as to extend rearward and slightly downward from the
front end edge 21a1 of the upward reflective surface 21a
to a position near upper portions of the light emitting el-
ements 31.

[0092] An upper surface of the lower plate portion 22
constitutes a reflective surface 22a which reflects a part
of light emitted obliquely downward and forward from the
light emitting elements 31 toward the projector lens 11
on the front side. The reflective surface 22a is formed so
as to extend rearward and slightly upward from an ob-
liquely lower front side of the light emitting elements 31
to a position near lower portions of the light emitting el-
ements 31.

[0093] The upward reflective surface 21a and the
downward reflective surface 21b of the upper plate por-
tion 21 and the reflective surface 22a of the lower plate
portion 22 are mirror-finished by aluminum vapor depo-
sition or the like.

[0094] The reflective member 25 is disposed behind
the upper plate portion 21 so as to be continuous with
the upper plate portion 21. Similar to the upper surface
of the upper plate portion 21, an upper surface of the
reflective member 25 constitutes an upward reflective
surface 25a which shields a part of light emitted from the
light emitting element 13 and reflected by the reflector
14 and then reflects the shielded light upward. The up-
ward reflective surface 25a of the reflective member 25
is mirror-finished by aluminum vapor deposition or the
like. The reflective member 25 is supported on the base
member 40. Similar to the upward reflective surface 21a,
the upward reflective surface 25a is formed so as to be
inclined slightly forward and downward with respect to
the horizontal plane including the optical axis Ax.
[0095] The base member 40 has an upper wall portion
40a formed in a horizontal plane and an inclined wall
portion 40b extending obliquely downward and forward
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from a front end of the upper wall portion 40a. On the
upper wall portion 40a and the inclined wall portion 40b,
a plurality of heat-radiation fins 40c extending downward
from the lower surfaces thereof is arranged side by side
in the front-rear direction. The light emitting element 13
and the reflective member 25 are supported on the upper
surface of the upper wall portion 40a. The light emitting
elements 31 mounted on the substrate 32 and the optical
member 20 are supported on the upper surface of the
inclined wall portion 40b.

[0096] The fan 41 isdisposed below the base member
40. The wind generated from the fan 41 is sent to the
heat-radiation fins 40c extending downward from the low-
er side.

[0097] Meanwhile, in a state where the adjustment of
the optical axis is completed, the vehicle lamp 1A is con-
figured so that the optical axis Ax is provided slightly
downward with respect to the front-rear direction of the
vehicle, for example.

[0098] In the vehicle lamp 1A having such a configu-
ration, as shown in FIG. 3, an optical path change portion
51 is formed in an upper exit surface 11a of the projector
lens 11 of the present embodiment above the optical axis
Ax. That is, the optical path change portion 51 is formed
in a region of the exit surface of the projector lens 11
where an emission rate of light emitted from the light emit-
ting elements 31 is higher than that of light emitted from
the light emitting element 13. The optical path change
portion 51 is formed as a curvature changing processed
surface in which the upper exit surface 11a above the
optical axis Ax is greatly curved toward the rear side than
a lower exit surface 11b below the optical axis Ax (the
radius of curvature of the exit surface is reduced). Mean-
while, the region where the radius of curvature of the exit
surface is changed is not necessarily limited to the entire
region above the optical axis Ax, so long as it is located
above the optical axis Ax.

[0099] Since the optical path change portion 51 is
formed, the projector lens 11 is configured such that a
rear focal point Fa of an upper region 11A located above
the optical axis Ax is positioned below the rear focal point
F of the region other than the upper region 11A. There-
fore, the rear focal point F of the region other than the
upper region 11A is located on the optical axis Ax while
the rear focal point Fa of the upper region 11A is located
below the optical axis Ax.

[0100] In this way, the projector lens 11 changes an
optical path of the light emitted from the light emitting
elements 31 and incident on the upper region 11A of the
projector lens 11 so that the light travels slightly down-
ward as compared with the case of the exit surface (in-
dicated by the two-dot chain line in the figure). As aresult,
the light is emitted forward from the upper exit surface
11a of the projector lens 11. In the present embodiment,
the light beam (direct light) directly going from the light
emitting elements 31 to the upper region 11A of the pro-
jector lens 11 passes through the vicinity of the rear focal
point Fa of the upper region 11A.
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[0101] Meanwhile, for example, the optical path
change portion 51 may be formed, as a microstructure
for refracting (scattering) light, in the region of the upper
exit surface 11a. Also in this case, the projector lens 11
changes an optical path of the light emitted from the light
emitting elements 31 and incident on the upper region
11A slightly downward from the upper exit surface 11a
and emits the light forward. Further, the microstructure
as the optical path change portion 51 may be formed on
the incident surface of the upper region 11A of the pro-
jector lens 11.

<Modification 1 of First Embodiment>

[0102] Next, a modification 1 of the optical path change
portion 51 in the above-described embodiment will be
described with reference to FIG. 4. Meanwhile, since the
parts having the same reference numerals as those of
the first embodiment described above have the same
function, a repeated explanation thereof is omitted.
[0103] AsshowninFIG. 4, an optical path change por-
tion 61 of the modification 1 of the first embodiment is
different from the optical path change portion 51 (see
FIG. 3) formed on the exit surface of the projector lens
11 in that it is formed on the incident surface of the pro-
jector lens 11.

[0104] The optical path change portion 61 is formed in
a region of the incident surface of the projector lens 11
where an incident ratio of light emitted from the light emit-
ting elements 31 is higher than that of light emitted from
the light emitting element 13. For example, the optical
path change portion 61 is formed, as a lens step, on an
upperincident surface 11B of the projector lens 11 above
the optical axis Ax. Meanwhile, when a lens step 61 is
formed above the optical axis Ax, the lens step 61 is not
necessarily formed in the entire region on the upper side
and may be formed in a partial region. Further, the lens
step as the optical path change portion 61 may be pro-
vided above the exit surface of the projector lens 11.
[0105] For example, the shape of the lens step 61 has
a triangular cross section as shown in FIG. 4A and has
an arc shape as shown in FIG. 4B, when viewed from
the incident surface of the projector lens 11. The lens
step 61 is disposed so that a side surface (surface on
which light is incident) on the light source side is inclined
with respect to the incident surface of the projector lens
11 perpendicular to the optical axis Ax.

[0106] According to such a configuration, the light (in
which the ratio of light from the light emitting elements
31 is high) emitted from the light source and incident on
the lens step 61 is refracted slightly downward at the lens
step 61 and then is incident on the projector lens 11.
Therefore, the lightincident on the lens step 61 is emitted
slightly downward from the upper exit surface 11a above
the optical axis Ax, as compared with the case where the
lens step 61 is not formed. In this manner, similar to the
above-described embodiment, as shown in FIG. 5B, itis
possible to enhance the continuity between a low-beam
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light distribution pattern PL1 and an additional light dis-
tribution pattern PA. As aresult, the occurrence of a dark
portion appearing at a high-beam irradiation can be re-
duced, thereby reducing unnatural feeling to be caused
to a driver.

<Modification 2 of First Embodiment>

[0107] Next, a modification 2 of the optical path change
portion 51 in the above-described embodiment will be
described with reference to FIG. 6. Meanwhile, since the
parts having the same reference numerals as those of
the first embodiment described above have the same
function, a repeated explanation thereof is omitted.
[0108] Asshownin FIG. 6, an optical path change por-
tion 71 of the modification 2 of the first embodiment is
different from the optical path change portion 51 (see
FIG. 3) formed on the exit surface of the projector lens
11 in that it is formed on the light source side (rear side)
from the incident surface of the projector lens 11.
[0109] The optical path change portion 71 is formed
between the projector lens 11 and the light emitting ele-
ments 31 and at a portion where a passing ratio of light
emitted from the light emitting elements 31 is lower than
that of light emitted from the light emitting element 13.
Forexample, the optical path change portion 71 is formed
as an additional optical member (e.g., a prism lens) at a
portion which is located between the light emitting ele-
ments 31 and a lower incident surface 11C of the projec-
tor lens 11 below the optical axis Ax and through which
the light from the light emitting element 13 hardly passes.
[0110] The prism lens (an example of an additional op-
tical member) serving as the optical path change portion
71 is made of a glass material, a plastic material, or the
like. The shape of the prism lens has a triangular cross
section as shown in FIG. 6, for example

[0111] According to such a configuration, a part (in
which the ratio of light from the light emitting elements
31 is low) of the light emitted from the light source is
incident on the prism lens, is refracted slightly downward,
and then, is incident on the lower incident surface 11C
of the projector lens 11. Therefore, the light passing
through the prism lens and incident on the lower incident
surface 11C is emitted slightly downward from the lower
exit surface 11b as compared with the light which does
not pass through the prism lens. In this manner, as shown
in FIG. 5B, in the case of a high-beam light distribution
pattern PHI, the light of the additional light distribution
pattern PAis irradiated below a line H, and the low-beam
light distribution pattern PL1 and the additional light dis-
tribution pattern PA can be partially overlapped at cutoff
lines CL1, CL2. Therefore, it is possible to enhance the
continuity between the low-beam light distribution pattern
PL1 and the additional light distribution pattern PA. As a
result, the occurrence of a dark portion (see FIG. 5A)
appearing at a high-beam irradiation can be reduced,
thereby reducing unnatural feeling to be caused to a driv-
er.
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<Modification 3 of First Embodiment>

[0112] Next, a modification 3 of the optical path change
portion 51 in the above-described embodiment will be
described with reference to FIG. 7. Meanwhile, since the
parts having the same reference numerals as those of
the first embodiment described above have the same
function, a repeated explanation thereof is omitted.
[0113] AsshowninFIG. 7, an optical path change por-
tion 81 of the modification 3 of the first embodiment is
formed on the exit surface of the projector lens 11 as fine
steps or irregularities for diffusely reflecting a part of light
incident on the projector lens 11. The optical path change
portion 81 also diffuses a part of the incident light ob-
liquely upward in front of the vehicle. The diffusely re-
flected light forms an overhead light distribution pattern
that irradiates a road sign (overhead sign) located above
a road. Meanwhile, in the present embodiment, the op-
tical path change portion 81 is formed on the upper exit
surface 11a of the projector lens 11. However, the dis-
closure is not limited thereto. For example, the optical
path change portion 81 may be formed on the lower exit
surface 11b. According to such a configuration, it is pos-
sible to obtain light distribution excellent in a wide range
of visibility in front of the vehicle.

<Second Embodiment>

[0114] Hereinafter,a second embodimentas an exam-
ple of a vehicle lamp of the disclosure will be described
in detail with reference to the drawings.

[0115] As shown in FIGS. 8 and 9, a vehicle lamp 1B
includes the projector lens 11, the lens holder 12, the
light emitting element (an example of a first light source)
13, the reflector 14, the optical member 20, the reflective
member (an example of a cover member) 25, the light
source unit (an example of a second light source) 30, the
base member 40, and the fan 41. Meanwhile, in FIG. 9,
for ease of view, the shape of the reflector 14 is shown
in a simplified manner.

[0116] Similarto the firstembodiment, the vehicle lamp
1B is, for example, a headlamp capable of selectively
performing a low-beam irradiation and a high-beam irra-
diation and is configured as a projector type lamp unit.
[0117] The projector lens 11 has the optical axis Ax
extending in the front-rear direction of the vehicle. The
projector lens 11 is a plano-convex aspheric lens having
a front convex surface and a rear flat surface. The pro-
jectorlens 11 is configured to project a light source image
formed on a rear focal plane which is a focal plane in-
cluding the rear focal point F thereof, as an inverted im-
age, on avirtual vertical screen in front of the lamp. Mean-
while, in the present embodiment, the virtual vertical
screen is disposed, for example, at a position of 25m in
front of the vehicle. Further, both the front surface and
the rear surface of the projector lens 11 may be convex.
[0118] In the projector lens 11 of the present embodi-
ment, the optical path change portion 51 is formed in the
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upper exit surface 11a above the optical axis Ax. The
optical path change portion 51 is formed as a curvature
processed surface which makes the radius of curvature
of the upper exit surface 11a smaller than that of the
lower exit surface 11b below the optical axis Ax. Since
the optical path change portion 51 is formed, the light
emitted from the light source unit 30 and incident on the
upper region 11A of the projector lens 11 is emitted from
the upper exit surface 11a of the projector lens 11 in a
state of being directed slightly downward, as compared
with the case where the optical path change portion 51
is not formed (the exit surface indicated by the two-dot
chain line in the figure).

[0119] The projector lens 11 is fixed to the lens holder
12 at its outer peripheral flange portion. The lens holder
12 for fixing the projector lens 11 is fixed to the base
member 40. The extension 12a for concealing the inner
wall surface of the lens holder 12 so as not to be visible
from the outside is attached to the lens holder 12.
[0120] Thelightemittingelement 13 is disposed behind
the rear focal point F of the projector lens 11. The light
emitting element 13 is configured by, for example, a white
light emitting diode and has a laterally elongated rectan-
gular light emitting surface. The light emitting element 13
is disposed upward with its light emitting surface posi-
tioned slightly above the horizontal plane including the
optical axis Ax. The light emitting element 13 is fixed to
the base member 40 via the attachment 13a. Light emit-
ted from the light emitting element 13 is mainly incident
on the region of the rear surface (incident surface) of the
projector lens 11 positioned below the optical axis Axand
is emitted from the exit surface, thereby forming a low-
beam light distribution pattern.

[0121] The reflector 14 is disposed so as to cover the
light emitting element 13 from the upper side and config-
ured to reflect light from the light emitting element 13
toward the projector lens 11. The reflective surface of the
reflector 14 for reflecting light has an axis connecting the
rear focal point F and the light emission center of the light
emitting element 13. The reflective surface is formed by
a substantially elliptical curved surface having the light
emission center of the light emitting element 13 as a first
focal point. The reflective surface is set such that its ec-
centricity gradually increases from a vertical cross sec-
tion toward a horizontal cross section. The reflector 14
is fixed to the lens holder 12.

[0122] The optical member 20 has the plate-shaped
upper plate portion 21 and the plate-shaped lower plate
portion 22 arranged in parallel in a substantially horizon-
tal manner with a predetermined interval in the upper-
lower direction. A spaced interval between the upper
plate portion 21 and the lower plate portion 22 serves as
the opening 23 through which the light emitted from the
light source unit 30 passes. The optical member 20 is
formed of aluminum die cast or transparent polycar-
bonate resin or the like having excellent heat resistance.
Since the optical member 20 is formed of polycarbonate
resin, itis possible to reduce the deformation due to heat
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of sunlight.

[0123] The light source unit 30 includes the plurality of
light emitting elements 31 and the substrate 32.

[0124] The light emitting elements 31 are mounted on
the substrate 32 and arranged in the left-right direction
at the lower rear side of the rear focal point F of the pro-
jector lens 11. Each of the light emitting elements 31 is
configured by, for example, a white light emitting diode
and has a square light emission surface, for example.
[0125] In the present embodiment, eleven light emit-
ting elements 31 are arranged on the substrate 32. For
example, the light emitting elements 31 are arranged at
equal intervals in the left-right direction and centered on
the position directly below the optical axis Ax. Each of
the light emitting elements 31 can be individually tuned
on by a lighting control circuit provided on the substrate
32. Light emitted from the light emitting elements 31 is
incident on substantially the entire area of the incident
surface of the projector lens 11 and emitted from the exit
surface, thereby forming an additional high-beam light
distribution pattern.

[0126] The light of each light emitting element 31 di-
rected toward the projector lens 11 passes through its
rear focal plane with a certain extent. The range of the
bundle of light beams slightly overlaps between adjacent
light emitting elements. Meanwhile, the light emitting el-
ements 31 may not be arranged in a bilaterally symmet-
rical manner with respect to the position directly below
the optical axis Ax. Further, the light emitting elements
31 may not be arranged at equal intervals.

[0127] Thereflective member25isformedinaflatplate
shape and disposed behind the upper plate portion 21
so as to be continuous with the upper plate portion 21.
The upper surface of the reflective member 25 consti-
tutes the upward reflective surface 25a which shields a
part of light emitted from the light emitting element 13
and reflected by the reflector 14 and then reflects the
shielded light toward the projector lens 11. The upward
reflective surface 25a is mirror-finished by aluminum va-
por deposition or the like. The reflective member 25 is
provided so as to be inclined slightly forward and down-
ward with respect to the horizontal plane including the
optical axis Ax. Further, the reflective member 25 is dis-
posed so as to cover an upper end portion 32a of the
substrate 32 from above and is fixed to the base member
40. Meanwhile, the reflective member 25 may be formed
integrally with the optical member 20 and constitute a
part of the optical member 20.

[0128] The base member 40 has the upper wall portion
40a extending in the horizontal direction and the inclined
wall portion 40b extending obliquely downward and for-
ward from a front end of the upper wall portion 40a. A
stepped portion 42 is formed on an upper surface of the
upper wall portion 40a. A lower portion of the upper wall
portion 40a on the front side of the stepped portion 42 is
defined as a front upper wall portion 40a1, and a higher
portion thereof on the rear side of the stepped portion 42
is defined as arear upper wall portion 40a2. Thereflective
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member 25 is fixed on an upper surface of the front upper
wall portion 40a1, and the light emitting element 13 is
fixed on an upper surface of the rear upper wall portion
40a2. Further, the optical member 20 and the light emit-
ting elements 31 mounted on the substrate 32 are fixed
to an upper surface of the inclined wall portion 40b. A
plurality of heat-radiation fins 40c extends downward
from lower surfaces of the upper wall portion 40a and the
inclined wall portion 40b and is arranged side by side in
the front-rear direction on the upper wall portion 40a and
the inclined wall portion 40b. The base member 40 is
arranged so that the upper surface of the front upper wall
portion 40a1 is defined as a horizontal plane including
the optical axis Ax.

[0129] The fan 41 is disposed below the base member
40. The wind generated from the fan 41 is sent to the
heat-radiation fins 40c extending downward from the low-
er side.

[0130] Meanwhile, in a state where the adjustment of
the optical axis is completed, the vehicle lamp 1B is con-
figured so that the optical axis Ax is provided slightly
downward with respect to the front-rear direction of the
vehicle, for example.

[0131] Next, the optical member 20 will be further de-
scribed with reference to FIG. 4.

[0132] FIG. 10Ais a view of the optical member 20 as
viewed obliquely from the upper front side, and FIG. 10B
is a view of the optical member 20 as viewed obliquely
from the lower front side. Further, FIG. 10C shows a top
view of the optical member 20.

[0133] An upper surface of the upper plate portion 21
constitutes a shade for shielding a part of light emitted
from the light emitting element 13 and reflected by the
reflector 14 and constitutes the upward reflective surface
21a for reflecting the shielded light toward the projector
lens 11. The upward reflective surface 21a is formed so
as to be inclined slightly forward and downward with re-
spect to the horizontal plane including the optical axis Ax
(see FIG. 9).

[0134] A left area 21A of the upward reflective surface
21alocated on the left side (the right side in the front view
of the lamp) of the optical axis Ax is configured by an
inclined surface inclined obliquely upward and rearward
from the position of the horizontal plane including the
optical axis Ax. A right area 21B of the upward reflective
surface 21a located on the right side (the left side in the
front view of the lamp) of the optical axis Ax is configured
by an inclined surface which is lower than the left area
by one step via a short inclined surface 21C. The front
end edge 21a1 of the upward reflective surface 21a is
formed so as to extend from the position of the rear focal
point F toward the left and right sides. Further, the front
end edge 21a1 of the upward reflective surface 21a is
formed in a concave shape so that the length in the front-
rear direction of the upward reflective surface 21a is
shortened at the center in the left-right direction.

[0135] A lower surface of the upper plate portion 21 on
the side opposite to the upper surface constitutes the
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downward reflective surface 21b which reflects a part of
light emitted obliquely upward and forward from the light
emitting elements 31 toward the projector lens 11 on the
frontside. The downward reflective surface 21bisformed
so as to extend rearward and slightly downward from the
front end edge 21a1 of the upward reflective surface 21a
to a position near upper portions of the light emitting el-
ements 31 (see FIG. 9).

[0136] An upper surface of the lower plate portion 22
constitutes the reflective surface 22awhich reflects a part
of light emitted obliquely downward and forward from the
light emitting elements 31 toward the projector lens 11
on the front side. The reflective surface 22a is formed so
as to extend rearward and slightly upward from an ob-
liquely lower front side of the light emitting elements 31
to a position near lower portions of the light emitting el-
ements 31 (see FIG. 9).

[0137] The upward reflective surface 21a and the
downward reflective surface 21b of the upper plate por-
tion 21 and the reflective surface 22a of the lower plate
portion 22 are mirror-finished (hatched portion) by alu-
minum vapor deposition or the like.

[0138] The upper plate portion 21 and the lower plate
portion 22 arranged in parallel with a predetermined in-
terval (the opening 23) are supported by mounting por-
tions 24 at both left and right end portions, respectively.
A mounting hole 24a is formed in each of the mounting
portions 24. The optical member 20 is fixed, together with
the substrate 32, to the base member 40 by fixing mem-
bers (e.g., screws) 61 via the mounting holes 24a of the
mounting portions 24 and mounting holes 32b (see FIG.
8) formed in the substrate 32 in a state where the sub-
strate 32 is sandwiched between the optical member 20
and the base member 40.

[0139] When the optical member 20 having such acon-
figuration is fixed to the base member 40 (see FIG. 9),
each of the light emitting elements 31 mounted on the
substrate 32 is arranged such that the light emission sur-
face thereof is exposed from the opening 23 of the optical
member 20 obliquely upward (toward the front of the
lamp) with respect to the front direction of the lamp. The
substrate 32 fixed to the base member 40 together with
the optical member 20 is disposed with its upper end
portion 32a protruding upward from the optical axis Ax
of the projector lens 11. Further, the upward reflective
surface 21a of the upper plate portion 21 is disposed so
as to connect the rear focal point F and the upper end
portion 32a of the substrate 32. The upward reflective
surface 25a of the reflective member 25 is disposed so
as to connect the upper end portion 32a of the substrate
32 and a tip end of the rear upper wall portion 40a2. In
this case, since the stepped portion 42 is provided in the
base member 40, a space S is formed between the re-
flective member 25 and the front upper wall portion 40a1.
The upper end portion 32a of the substrate 32 disposed
above the optical axis Ax is accommodated in the space
S.
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<Modification 1 of Second Embodiment>

[0140] Next, a modification 1 of the vehicle lamp 1B
described above will be described with reference to FIG.
11. Meanwhile, since the parts having the same refer-
ence numerals as those of the second embodiment de-
scribed above have the same function, a repeated ex-
planation thereof is omitted.

[0141] As shown in FIG. 11, in a vehicle lamp 1C of
the modification 1 of the second embodiment, a gap 75
into which the upper end portion 32a of the substrate 32
enters is formed between a rear end of an upper plate
portion 71 constituting an optical member 70 and a tip
end 81 of an upper wall portion 80a of a base member
80 in a state where the optical member 70 is fixed to the
base member 80. The substrate 32 is fixed to the base
member 80 in a state where the upper end portion 32a
which has entered the gap 75 protrudes from the optical
axis Ax.

[0142] The upper plate portion 71 of the optical mem-
ber 70 has a flat plate shape and is formed in the hori-
zontal plane including the optical axis Ax. An upper sur-
face and a lower surface of the upper plate portion 71
are mirror-finished, similar to the upper plate portion 21.
An upward reflective surface 71a, a downward reflective
surface 71b and a front end edge 71a1 of the upper plate
portion 71 are configured to function in the same manner
as the respective portions of the upper plate portion 21.
[0143] Thebase member 80 has the upper wall portion
80a extending in the horizontal direction and an inclined
wall portion 80b extending obliquely downward and for-
ward from a front end portion of the upper wall portion
80a. The light emitting element 13 is fixed on the upper
wall portion 80a, and the light emitting elements 31 are
fixed on the inclined wall portion 80b.

[0144] Meanwhile, as shown in FIG. 11B, in the case
where a shade 140a is integrally formed at a tip end of
a base member 140, the shade 140a is present above a
substrate 150 fixed to the base member 140. According-
ly, there is a physical limitation in bringing light emitting
elements 120 mounted on the substrate 15 close to the
rear focal point F. In this case, for example, it is possible
to bring the light emitting elements 120 close to the rear
focal point F by forming a partial opening 140b in the
shade 140a and allowing the substrate 150 to enter the
opening 140b. However, the processing of such base
member 140 is difficult and costly.

[0145] On the contrary, according to the configuration
of the modification 1 of the second embodiment, the op-
tical member 70 is configured by a member separate
from the base member 80, and the gap 75 is provided
between a rear end of the upper plate portion 71 and the
tip end 81 of the upper wall portion 80a when the optical
member 70 is fixed to the base member 80. Therefore,
the upper end portion 32a of the substrate 32 can be
arranged above the optical axis Ax through the gap 75,
and the degree of freedom in arranging the substrate 32
is improved. As a result, the light emitting elements 31
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mounted on the substrate 32 can be arranged near the
rear focal point F of the projector lens 11 and the utiliza-
tion efficiency of the direct light emitted from the light
emitting elements 31 can be enhanced, as compared to
the conventional configuration shown in FIG. 11B. Fur-
ther, the upper surface of the upper end portion 32a of
the substrate 32 may be mirror-finished by aluminum va-
por deposition or the like and used as the reflective sur-
face.

<Third Embodiment>

[0146] Hereinafter, as an example of a vehicle lamp of
the disclosure, a vehicle lamp 1D of a third embodiment
will be described in detail with reference to the drawings.
[0147] As showninFIGS. 12 and 13, the vehicle lamp
1D includes the projector lens 11, the lens holder 12, the
light emitting element (an example of a first light source)
13, the reflector 14, the optical member 20, the reflective
member 25, the light source unit (an example of a second
light source) 30, the base member 40, and the fan 41.
Meanwhile, in FIG. 13, for ease of view, the shape of the
reflector 14 is shown in a simplified manner.

[0148] The vehicle lamp 1D is, for example, a head-
lamp capable of selectively performing a low-beam irra-
diation and a high-beam irradiation and is configured as
a projector type lamp unit.

[0149] The projector lens 11 has the optical axis Ax
extending in the front-rear direction of the vehicle. The
projector lens 11 is a plano-convex aspheric lens having
a front convex surface and a rear flat surface. The pro-
jectorlens 11 is configured to project a light source image
formed on a rear focal plane which is a focal plane in-
cluding the rear focal point F thereof, as an inverted im-
age, on a virtual vertical screen in front of the lamp. In
the presentembodiment, the virtual vertical screen is dis-
posed, for example, at a position of 25m in front of the
vehicle. Meanwhile, both the front surface and the rear
surface of the projector lens 11 may be convex.

[0150] In the projector lens 11 of the present embodi-
ment, the optical path change portion 51 is formed in the
upper exit surface 11a above the optical axis Ax. The
optical path change portion 51 is formed as a curvature
processed surface which makes the radius of curvature
of the upper exit surface 11a smaller than that of the
lower exit surface 11b below the optical axis Ax. Since
the optical path change portion 51 is formed, the light
emitted from the light source unit 30 and incident on the
upper region 11A of the projector lens 11 is emitted from
the upper exit surface 11a of the projector lens 11 in a
state of being directed slightly downward, as compared
with the case where the optical path change portion 51
is not formed (the exit surface indicated by the two-dot
chain line in the figure).

[0151] The projector lens 11 is fixed to the lens holder
12 at its outer peripheral flange portion. The lens holder
12 for fixing the projector lens 11 is fixed to the base
member 40. The extension 12a for concealing the inner
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wall surface of the lens holder 12 so as not to be visible
from the outside is attached to the lens holder 12.
[0152] Thelightemittingelement 13 is disposed behind
the rear focal point F of the projector lens 11. The light
emitting element 13 is configured by, for example, a white
light emitting diode and has a laterally elongated rectan-
gular light emitting surface. The light emitting element 13
is disposed upward with its light emitting surface posi-
tioned slightly above the horizontal plane including the
optical axis Ax. The light emitting element 13 is fixed to
the base member 40 via the attachment 13a. Light emit-
ted from the light emitting element 13 is mainly incident
on the region of the rear surface (incident surface) of the
projector lens 11 positioned below the optical axis Axand
is emitted from the exit surface, thereby forming a low-
beam light distribution pattern. Meanwhile, in the present
embodiment, the "low-beam light distribution pattern”
and the "additional high-beam light distribution pattern”
(to be described later) mean light distribution patterns
formed on avirtual vertical screen disposed, forexample,
at a position of 25m in front of the vehicle.

[0153] The reflector 14 is disposed so as to cover the
light emitting element 13 from the upper side and config-
ured to reflect light from the light emitting element 13
toward the projector lens 11. The reflective surface of the
reflector 14 for reflecting light has an axis connecting the
rear focal point F and the light emission center of the light
emitting element 13. The reflective surface is formed by
a substantially elliptical curved surface having the light
emission center of the light emitting element 13 as a first
focal point. The reflective surface is set such that its ec-
centricity gradually increases from a vertical cross sec-
tion toward a horizontal cross section. The reflector 14
is fixed to the lens holder 12.

[0154] The light source unit 30 includes the plurality of
light emitting elements 31 and the substrate 32.

[0155] The light emitting elements 31 are mounted on
the substrate 32 and arranged in the left-right direction
at the lower rear side of the rear focal point F of the pro-
jector lens 11. Each of the light emitting elements 31 is
configured by, for example, a white light emitting diode
and has a square light emission surface (an example of
the emission portion), for example.

[0156] In the present embodiment, eleven light emit-
ting elements 31 are arranged on the substrate 32. For
example, the light emitting elements 31 are arranged at
equal intervals in the left-right direction and centered on
the position directly below the optical axis Ax. Each of
the light emitting elements 31 can be individually tuned
on by a lighting control circuit provided on the substrate
32. Light emitted from the light emitting elements 31 is
incident on substantially the entire area of the incident
surface of the projector lens 11 and emitted from the exit
surface, thereby forming an additional high-beam light
distribution pattern. The light of each light emitting ele-
ment 31 directed toward the projector lens 11 passes
through its rear focal plane with a certain extent. The
range of the bundle of light beams slightly overlaps be-
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tween adjacent light emitting elements. Meanwhile, the
light emitting elements 31 may not be arranged in a bi-
laterally symmetrical manner with respect to the position
directly below the optical axis Ax. Further, the light emit-
ting elements 31 may not be arranged at equal intervals.
[0157] The optical member 20 has the plate-shaped
upper plate portion 21 and the plate-shaped lower plate
portion 22 arranged in parallel in a substantially horizon-
tal manner with a predetermined interval in the upper-
lower direction. A spaced interval between the upper
plate portion 21 and the lower plate portion 22 serves as
the opening 23 through which the light emitted from the
light emitting elements 31 passes. The optical member
20 is formed of aluminum die cast or transparent poly-
carbonate resin or the like having excellent heat resist-
ance.

[0158] An upper surface of the upper plate portion 21
constitutes a shade for shielding a part of light emitted
from the light emitting element 13 and reflected by the
reflector 14 and constitutes the upward reflective surface
21a for reflecting the shielded light toward the projector
lens 11. The upward reflective surface 21a is formed so
as to be inclined slightly forward and downward with re-
spect to the horizontal plane including the optical axis Ax.
[0159] A left area of the upward reflective surface 21a
located on the left side (the right side in the front view of
the lamp) of the optical axis Axis configured by aninclined
surface inclined obliquely upward and rearward from the
position of the horizontal plane including the optical axis
Ax. A right area of the upward reflective surface 21a lo-
cated on the right side (the right side in the front view of
the lamp) of the optical axis Axis configured by aninclined
surface which is lower than the left area by one step via
a short inclined surface. The front end edge 21a1 of the
upward reflective surface 21a is formed so as to extend
from the position of the rear focal point F toward the left
and right sides.

[0160] A lower surface of the upper plate portion 21 on
the side opposite to the upper surface constitutes the
downward reflective surface 21b which reflects a part of
light emitted obliquely upward and forward from the light
emitting elements 31 toward the projector lens 11 on the
frontside. The downward reflective surface 21bisformed
so as to extend rearward and slightly downward from the
front end edge 21a1 of the upward reflective surface 21a
to a position near upper portions of the light emitting el-
ements 31.

[0161] An upper surface of the lower plate portion 22
constitutes the reflective surface 22awhich reflects a part
of light emitted obliquely downward and forward from the
light emitting elements 31 toward the projector lens 11
on the front side. The reflective surface 22a is formed so
as to extend rearward and slightly upward from an ob-
liquely lower front side of the light emitting elements 31
to a position near lower portions of the light emitting el-
ements 31.

[0162] The upward reflective surface 21a and the
downward reflective surface 21b of the upper plate por-
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tion 21 and the reflective surface 22a of the lower plate
portion 22 are mirror-finished by aluminum vapor depo-
sition or the like.

[0163] The optical member 20 is provided as a single
independent member and is fixed, together with the sub-
strate 32, to the base member 40 in a state where the
substrate 32 is interposed between the optical member
20 and the base member 40. In a state where the optical
member 20 is fixed to the base member 40, each of the
light emitting elements 31 mounted on the substrate 32
is arranged such that the light emission surface 31a is
exposed from the opening 23 of the optical member 20
obliquely upward (toward the front of the lamp) with re-
spect to the front direction of the lamp. The upper end
portion 32a of the substrate 32 fixed to the base member
40 is arranged so as to protrude upward beyond the op-
tical axis Ax of the projector lens 11.

[0164] Thereflective member25isformedinaflatplate
shape and disposed behind the upper plate portion 21
so as to be continuous with the upper plate portion 21.
The upper surface of the reflective member 25 consti-
tutes the upward reflective surface 25a which shields a
part of light emitted from the light emitting element 13
and reflected by the reflector 14 and then reflects the
shielded light toward the projector lens 11. The upward
reflective surface 25a is mirror-finished by aluminum va-
por deposition or the like. The reflective member 25 is
provided so as to be inclined slightly forward and down-
ward with respect to the horizontal plane including the
optical axis Ax. Further, the reflective member 25 is dis-
posed so as to cover the upper end portion 32a of the
substrate 32 from above and is fixed to the base member
40.

[0165] Thebase member40 has the upperwall portion
40a extending in the horizontal direction and the inclined
wall portion 40b extending obliquely downward and for-
ward from a front end of the upper wall portion 40a. The
stepped portion 42 is formed on the upper wall portion
40a. A lower portion of the upper wall portion 40a on the
front side of the stepped portion 42 is defined as the front
upper wall portion 40al, and a higher portion thereof on
the rear side of the stepped portion 42 is defined as the
rear upper wall portion 40a2. The reflective member 25
is fixed on an upper surface of the front upper wall portion
40a1, and the light emitting element 13 is fixed on an
upper surface of the rear upper wall portion 40a2. Further,
the optical member 20 and the substrate 32 on which the
light emitting elements 31 are mounted are fixed to an
upper surface of the inclined wall portion 40b. The light
emitting elements 31 on the upper surface of the inclined
wall portion 40b are fixed such that the light emission
surfaces 31a face obliquely forward and upward due to
the inclination of the inclined wall portion 40b and are
disposed on the lower rear side of the rear focal point F
of the projector lens 11.

[0166] A plurality of heat-radiation fins 40c extending
in the upper-lower direction and the left-right direction is
arranged side by side in the front-rear direction on the
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lower surface of the upper wall portion 40a and the lower
surface of theinclined wall portion 40b. The base member
40 is arranged such that the position of the upper surface
of the front upper wall portion 40a1 is defined as the po-
sition of the horizontal plane including the optical axis Ax.
[0167] In a state where the optical member 20 is fixed
to the base member 40, the upward reflective surface
21a of the upper plate portion 21 is disposed so as to
connect the rear focal point F and the upper end portion
32a of the substrate 32. Further, the upward reflective
surface 25a of the reflective member 25 is disposed so
as to connect the upper end portion 32a of the substrate
32 and a tip end of the rear upper wall portion 40a2. In
this case, since the stepped portion 42 is provided in the
base member 40, the space S is formed between the
reflective member 25 and the front upper wall portion
40a1. The upper end portion 32a of the substrate 32 dis-
posed above the optical axis Ax is accommodated in the
space S.

[0168] Thefan41 is disposed below the base member
40. The wind generated from the fan 41 is sent to the
heat-radiation fins 40c extending downward from the low-
er side.

[0169] Meanwhile, in a state where the adjustment of
the optical axis is completed, the vehicle lamp 1D is con-
figured so that the optical axis Ax is provided slightly
downward with respect to the front-rear direction of the
vehicle, for example.

<Fourth Embodiment>

[0170] Hereinafter, as an example of a vehicle lamp
and a substrate of the disclosure, a vehicle lamp 1001
and a substrate of a fourth embodiment will be described
in detail with reference to the drawings.

[0171] As shownin FIGS. 14 and 15, the vehicle lamp
1001 includes a projector lens 1011, a lens holder 1012,
a light emitting element 1013, a reflector 1014, an optical
member 1020, a reflective member 1025, a light source
unit (an example of a light source) 1030, a base member
1040, and a fan 1041. Meanwhile, in FIG. 15, for ease
of view, the shape of the reflector 1014 is shown in a
simplified manner.

[0172] Similar to the first and third embodiments, the
vehicle lamp 1001 is, for example, a headlamp capable
of selectively performing a low-beam irradiation and a
high-beam irradiation and is configured as a projector
type lamp unit.

[0173] The projector lens 1011 has the optical axis Ax
extending in the front-rear direction of the vehicle. The
projector lens 1011 is a plano-convex aspheric lens hav-
ing a front convex surface and a rear flat surface. The
projector lens 1011 is configured to project a light source
image formed on a rear focal plane which is a focal plane
including the rear focal point F thereof, as an inverted
image, on a virtual vertical screen in front of the lamp.
Meanwhile, in the present embodiment, the virtual verti-
cal screen is disposed, for example, at a position of 25m
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in front of the vehicle. Further, both the front surface and
the rear surface of the projector lens 1011 may be con-
vex.

[0174] In the projector lens 1011 of the present em-
bodiment, an optical path change portion 1051 is formed
in an upper exit surface 1011a above the optical axis Ax.
For example, the optical path change portion 1051 can
be formed as a curvature processed surface which
makes the radius of curvature of the upper exit surface
1011a smaller than that of a lower exit surface 1011b
below the optical axis Ax. Since the optical path change
portion 1051 is formed, the light emitted from the light
source unit 1030 and incident on the upper region 1011A
of the projector lens 1011 is emitted from the upper exit
surface 1011a of the projector lens 1011 in a state of
being directed slightly downward, as compared with the
case where the optical path change portion 1051 is not
formed (the exit surface indicated by the two-dot chain
line in FIG. 1).

[0175] The projectorlens 1011 is fixed to the lens hold-
er 1012 at its outer peripheral flange portion. The lens
holder 1012 for fixing the projector lens 1011 is fixed to
the base member 1040. An extension 1012a for conceal-
ing an inner wall surface of the lens holder 1012 so as
not to be visible from the outside is attached to the lens
holder 1012.

[0176] The light emitting element 1013 is disposed be-
hind the rear focal point F of the projector lens 1011. The
light emitting element 1013 is configured by, for example,
a white light emitting diode and has a laterally elongated
rectangular light emitting surface. The light emitting ele-
ment 1013 is disposed upward with its light emitting sur-
face positioned slightly above the horizontal plane includ-
ing the optical axis Ax. The light emitting element 1013
is fixed to the base member 1040 via an attachment
1013a. Light emitted from the light emitting element 1013
is mainly incident on the region of the rear surface (inci-
dent surface) of the projectorlens 1011 positioned below
the optical axis Ax and is emitted from the exit surface,
thereby forming a low-beam light distribution pattern.
Meanwhile, in the fourth embodiment, similar to the first
to third embodiments, the "low-beam light distribution
pattern" and the "additional high-beam light distribution
pattern" (to be described later) mean light distribution
patterns formed on a virtual vertical screen disposed, for
example, at a position of 25m in front of the vehicle.
[0177] The reflector 1014 is disposed so as to cover
the light emitting element 1013 from the upper side and
configured to reflect light from the light emitting element
1013 toward the projector lens 1011. The reflective sur-
face of the reflector 1014 for reflecting light has an axis
connecting the rear focal point F and the light emission
center of the light emitting element 1013. The reflective
surface is formed by a substantially elliptical curved sur-
face having the light emission center of the light emitting
element 1013 as afirst focal point. The reflective surface
is set such that its eccentricity gradually increases from
a vertical cross section toward a horizontal cross section.
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The reflector 1014 is fixed to the lens holder 1012.
[0178] The light source unit 1030 includes a plurality
of light emitting elements 1031 and a substrate 1032
made of a metal (e.g., copper).

[0179] The light emitting elements 1031 are mounted
on the substrate 1032 and arranged in the left-right di-
rection at the lower rear side of the rear focal point F of
the projector lens 1011. Each of the light emitting ele-
ments 1031 is configured by, for example, a white light
emitting diode and has a square light emission surface,
for example.

[0180] In the present embodiment, eleven light emit-
ting elements 1031 are arranged on the substrate 1032.
For example, the light emitting elements 1031 are ar-
ranged at equal intervals in the left-right direction and
centered on the position directly below the optical axis
Ax. Each of the light emitting elements 1031 is connected
to a power supply terminal (e.g., a connector or the like)
1033 via a wiring pattern formed on the substrate 1032
and can be individually tuned on under the control of a
lighting control circuit (not shown). The power supply ter-
minal 1033 is disposed at a position where it does not
interfere with optical paths of the light emitting elements
1031. Light emitted from the light emitting elements 1031
is incident on substantially the entire area of the incident
surface of the projector lens 1011 and emitted from the
exit surface, thereby forming an additional high-beam
light distribution pattern. The light of each light emitting
element 1031 directed toward the projector lens 1011
passes through its rear focal plane with a certain extent.
The range of the bundle of light beams slightly overlaps
between adjacent light emitting elements. Meanwhile,
the light emitting elements 1031 may not be arranged in
a bilaterally symmetrical manner with respect to the po-
sition directly below the optical axis Ax. Further, the light
emitting elements 1031 may not be arranged at equal
intervals.

[0181] The optical member 1020 is disposed behind
the projector lens 1011 and has a plate-shaped upper
plate portion 1021 and a plate-shaped lower plate portion
1022 arranged in parallel in a substantially horizontal
manner with a predetermined interval in the upper-lower
direction. A spaced interval between the upper plate por-
tion 1021 and the lower plate portion 1022 serves as an
opening 1023 through which the light emitted from the
lightemitting elements 1031 passes. The optical member
1020 is formed of aluminum die cast or transparent poly-
carbonate resin or the like having excellent heat resist-
ance.

[0182] Anuppersurface ofthe upper plate portion 1021
constitutes an upward reflective surface 1021a which
shields a part of light emitted from the light emitting ele-
ment 1013 and reflected by the reflector 1014 and reflects
the shielded light toward the projector lens 1011. The
upper reflective surface 1021a functions as a shade and
also functions as a reflector. The upward reflective sur-
face 1021ais formed so as to be inclined slightly forward
and downward with respect to the horizontal plane in-
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cluding the optical axis Ax.

[0183] A left area of the upward reflective surface
1021a located on the left side (the right side in the front
view of the lamp) of the optical axis Ax is configured by
an inclined surface inclined obliquely upward and rear-
ward from the position of the horizontal plane including
the optical axis Ax. A right area of the upward reflective
surface 1021a located on the right side (the left side in
the front view of the lamp) of the optical axis Ax is con-
figured by an inclined surface which is lower than the left
area by one step via a short inclined surface. A front end
edge 1021a1 of the upward reflective surface 1021a is
formed so as to extend from the position of the rear focal
point F toward the left and right sides.

[0184] A lower surface of the upper plate portion 1021
on the side opposite to the upper surface constitutes a
downward reflective surface 1021b which reflects a part
of light emitted obliquely upward and forward from the
light emitting elements 1031 toward the projector lens
1011 on the front side. The downward reflective surface
1021b is formed so as to extend rearward and slightly
downward from the front end edge 1021a1 of the upward
reflective surface 1021ato a position near upper portions
of the light emitting elements 1031.

[0185] Anupper surface of the lower plate portion 1022
constitutes a reflective surface 1022a which reflects a
part of light emitted obliquely downward and forward from
the light emitting elements 1031 toward the projector lens
1011 on the front side. The reflective surface 1022a is
formed so as to extend rearward and slightly upward from
an obliquely lower front side of the light emitting elements
1031 to a position near lower portions of the light emitting
elements 1031.

[0186] The upward reflective surface 1021a and the
downward reflective surface 1021b of the upper plate
portion 1021 and the reflective surface 1022a of the lower
plate portion 1022 are mirror-finished by aluminum vapor
deposition or the like.

[0187] The optical member 1020 is fixed, together with
the substrate 1032, to the base member 1040 in a state
where the substrate 1032 is interposed between the op-
tical member 1020 and the base member 1040. In a state
where the optical member 1020 is fixed to the base mem-
ber 1040, each of the light emitting elements 1031 mount-
ed on the substrate 1032 is arranged such that its light
emission surface is exposed from the opening 1023 of
the optical member 1020 obliquely upward (toward the
front of the lamp) with respect to the front direction of the
lamp. An upper end portion 1032T of the substrate 1032
fixed to the base member 1040 is arranged so as to pro-
trude upward beyond the optical axis Ax of the projector
lens 1011.

[0188] The reflective member 1025 is formed in a flat
plate shape and disposed behind the upper plate portion
1021 so as to be continuous with the upper plate portion
1021. The upper surface of the reflective member 1025
constitutes an upward reflective surface 1025a which
shields a part of light emitted from the light emitting ele-
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ment 1013 and reflected by the reflector 1014 and then
reflects the shielded light toward the projector lens 1011.
The upward reflective surface 1025a is mirror-finished
by aluminum vapor deposition or the like. The reflective
member 1025 is provided so as to be inclined slightly
forward and downward with respect to the horizontal
plane including the optical axis Ax. Further, the reflective
member 1025 is disposed so as to cover the upper end
portion 1032T of the substrate 1032 from above and is
fixed to the base member 1040.

[0189] The base member 1040 is formed of a metal
(e.g., iron, aluminum, copper, or the like) and has an up-
per wall portion 1040a extending in the horizontal direc-
tion and aninclined wall portion 1040b extending oblique-
ly downward and forward from a front end of the upper
wall portion 1040a. A stepped portion 1042 is formed on
the upper wall portion 1040a. A lower portion of the upper
wall portion 1040a on the front side of the stepped portion
1042 is defined as a front upper wall portion 1040a1, and
a higher portion thereof on the rear side of the stepped
portion 1042 is defined as a rear upper wall portion
1040a2. The reflective member 1025 is fixed on an upper
surface of the front upper wall portion 1040a1, and the
light emitting element 1013 is fixed on an upper surface
of the rear upper wall portion 1040a2. Further, the optical
member 1020 and the substrate 1032 on which the light
emitting elements 1031 are mounted are fixed to an upper
surface of the inclined wall portion 1040b.

[0190] A plurality of heat-radiation fins 1040c extend-
ingin the upper-lower direction and the left-right direction
is arranged side by side in the front-rear direction on the
lower surface of the upper wall portion 1040a and the
lower surface ofthe inclined wall portion 1040b. The base
member 1040 is arranged such that the position of the
upper surface of the front upper wall portion 1040a1 is
defined as the position of the horizontal plane including
the optical axis Ax.

[0191] In a state where the optical member 1020 is
fixed to the base member 1040, the upward reflective
surface 1021a of the upper plate portion 1021 is disposed
so as to connect the rear focal point F and the upper end
portion 1032T of the substrate 1032. Further, the upward
reflective surface 1025a of the reflective member 1025
is disposed so as to connect the upper end portion 1032T
of the substrate 1032 and a tip end of the rear upper wall
portion 1040a2. In this case, since the stepped portion
1042 is provided in the base member 1040, the space S
is formed between the reflective member 1025 and the
front upper wall portion 1040a1. The upper end portion
1032T of the substrate 1032 disposed above the optical
axis Ax is accommodated in the space S.

[0192] Thefan 1041 is disposed below the base mem-
ber 1040. The wind generated from the fan 1041 is sent
to the heat-radiation fins 1040c extending downward
from the lower side.

[0193] Meanwhile, in a state where the adjustment of
the optical axis is completed, the vehicle lamp 1001 is
configured so that the optical axis Ax is provided slightly
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downward with respect to the front-rear direction of the
vehicle, for example.

[0194] In the vehicle lamp 1001 having such a config-
uration, as shown in FIG. 16, the substrate 1032 of the
present embodiment is configured such that a plurality
of wiring patterns (copper foil patterns) 1032a and mount-
ing portions (solder lands) 1032b provided on each of
the wiring patterns 1032a are formed on the substrate
1032. Electrodes of the light emitting elements 1031 are
solder-connected between the mounting portions 1032b
of the adjacent wiring patterns 1032a. Meanwhile, FIG.
16 shows a state in which two light emitting elements
1031 are mounted.

[0195] As shown in FIG. 16, the substrate 1032 is
formed so as to meet the following conditions (1) and (2)
when a shortest distance between the mounting portions
1032b and end portions 1032a1 of the wiring patterns
1032a is defined as A, a shortest distance between the
mounting portions 1032b and an end portion 1032c of
the substrate 1032 is defined as B, and a minimum ar-
rangement pitch between the mounted light emitting el-
ements 1031 is defined as Pmin.

(1) The ratio (A/Pmin) of the shortest distance A to
the minimum arrangement pitch Pmin is 0.5 or more
(A/Pmin>0.57).

(2) The ratio (B/Pmin) of the shortest distance B to
the minimum arrangement pitch Pmin is 1.7 or more
(B/Pmin=1.7).

[0196] Further,asshownin FIG. 17, each light emitting
element 1031 of the present embodiment in the vehicle
lamp 1001 is disposed at such a position that a distance
Cfromthe frontend edge 1021a1 of the upward reflective
surface 1021a of the upper plate portion 1021 toward the
rear side of the lamp in the front-rear direction of the
vehicle lamp 1001 is less than 5mm (C<5mm). Further-
more, each light emitting element 1031 is disposed at
such a position that a distance D from the front end edge
1021a1 toward the lower side of the lamp in the upper-
lower direction of the vehicle lamp 1D is less than 4mm
(D<4mm).

Examples

[0197] The operating temperature of the light emitting
elements 1031 mounted on the substrate 1032 will be
described below with reference to examples.

[0198] Inthe vehicle lamp 1001 according to the above
embodiment, the temperature rise of the light emitting
elements 1031 mounted on the substrate 1032 when the
substrate 1032 having the specifications configured as
shown in FIGS. 18Ato 18C was mounted and high-beam
irradiation was performed was measured. Meanwhile,
the minimum arrangement pitch (Pmin) between the light
emitting elements 1031 is assumed to be 1.75mm
(Pmin=1.75mm). Further, a copper substrate was used
for the substrate 1032. For the temperature, the surface
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temperature of the light emitting elements 1031 and the
substrate 1032 was measured using a thermography.

(Reference Example 1)

[0199] FIG. 18A shows the temperature distribution on
a substrate 1032X according to a reference example 1
as a thermal image. In the substrate 1032X according to
the reference example 1, a shortest distance (A1) be-
tween the mounting portions 1032b and the end portions
1032a1 of the wiring patterns 1032a was setto 0.185mm
(A1=0.185mm), and a shortest distance (B1) between
the mounting portions 1032b and the end portion 1032¢
of the substrate 1032X was set to 2.585mm
(B1=2.585mm). In this case, the ratio (A1/Pmin) of the
shortest distance A1 to the minimum arrangement pitch
Pmin was 0.11 (A1/Pmin=0.11), and the ratio (B1/Pmin)
of the shortest distance B1 to the minimum arrangement
pitch Pmin was 1.48 (B1/Pmin=1.48).

[0200] As a result of temperature measurement, as
shown in FIG. 18A, in many of the light emitting elements
1031, the temperature was risen to 70°C or more and it
was not possible to operate the light emitting elements
at temperatures below the product condition.

(Reference Example 2)

[0201] FIG. 18B shows the temperature distribution on
a substrate 1032Y according to a reference example 2
as a thermal image. In the reference example 2, with
respect to the set distances of the reference example 1,
a shortest distance B2 and the shortest distance B1 are
the same, and only the size of a shortest distance A2
was increased by 0.4mm. That is, by forming the end
portions 1032a1 of the wiring patterns 1032a close to the
end portion 1032c¢ of the substrate 1032Y by 0.4mm, the
distance between the mounting portions 1032b and the
end portions 1032a1 of the wiring patterns 1032a was
increased by 0.4mm, A2=0.585mm, and B2=2.585mm.
In this case, the ratio (A2/Pmin) of A2 to Pmin is equal
to 0.33 (A2/Pmin=0.33), and the ratio (B2/Pmin) of B2 to
Pmin is equal to 1.48 (B2/Pmin=1.48).

[0202] As a result of temperature measurement, with
respect to the measurement results of the reference ex-
ample 1, the temperature reduction effect was -1.4°C.
[0203] However, as shown in FIG. 18B, the tempera-
ture of the light emitting elements 1031 was risen to 70°C
or more at some locations and it cannot be said that it is
possible to operate the light emitting elements at tem-
peratures below the product condition.

(Example 1)

[0204] FIG. 18C shows the temperature distribution on
a substrate 1032Z according to an example 1 as a ther-
mal image. In the example 1, with respect to the set dis-
tances of the reference example 1, the size of a shortest
distance A3 was increased by 1.0mm, and the size of a
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shortest distance B3 was increased by 0.6mm. That is,
the mounting portions 1032b were formed away from the
end portion 1032c of the substrate 1032Z and the end
portions 1032a1 of the wiring patterns 1032a,
A3=1.185mm, and B3=3.185mm. In this case, the ratio
(A3/Pmin) of A3 to Pmin is equal to 0.68 (A3/Pmin=0.68),
and the ratio (B3/Pmin) of B3 to Pmin is equal to 1.82
(B3/Pmin=1.82).

As a result of temperature measurement, with respect to
the measurement results of the reference example 1, the
temperature reduction effect was -2.7°C. Further, as
shown in FIG. 18C, the temperature of the light emitting
elements 1031 could be suppressed to 70°C or less.

[0205] From the results of the example 1, it was con-
firmed that the light emitting elements 1031 can be op-
erated atatemperature equal to or lower than the product
condition by using the substrate 1032Z.

(Others)

[0206] Further, as a result of testing based on the
above results, it was confirmed that the light emitting el-
ements 1031 can be operated at a temperature equal to
or lower than the product condition when the following
conditions are satisfied.

(1) The ratio (A/Pmin) of the shortest distance A to
the minimum arrangement pitch Pmin is 0.5 or more
(A/Pmin>0.57).

(2) The ratio (B/Pmin) of the shortest distance B to
the minimum arrangement pitch Pmin is 1.7 or more
(B/Pmin=1.7).

[0207] Meanwhile, in a configuration in which a low-
beam irradiation and a high-beam irradiation can be se-
lectively performed by a projector type optical system
using a single projector lens, in order to obtain a good
light distribution pattern, it is necessary to arrange a light
source (high-beam light source) for forming an additional
high-beam light distribution pattern as close as possible
to the optical axis of the projector lens. In many cases,
a surface mounting type light emitting diode (Light Emit-
ting Diode) is adopted as the high-beam light source. At
this time, heat radiation is improved by mounting the light
emitting diode on a metal substrate having high thermal
conductivity. However, when the LED is brought closer
to the optical axis, the LED should be arranged on the
end side of the metal substrate. Therefore, heat radiation
performance is degraded, and the temperature of the
LED rises.

[0208] On the contrary, according to the vehicle lamp
1001 of the present embodiment, the ratio (A/Pmin) of
the shortest distance A from the mounting portions 1032b
to the end portions 1032a1 of the wiring patterns 1032a
to the minimum arrangement pitch Pmin of the light emit-
ting elements 1031 mounted on the substrate 1032 is set
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to 0.57 or more, and the ratio (B/Pmin) of the shortest
distance B from the mounting portions 1032b to the end
portion 1032c of the substrate 1032 to the minimum ar-
rangement pitch Pmin is set to 1.7 or more. As a result,
as described in the above example 1, the light emitting
elements 1031 are prevented from being heated to, for
example, a temperature equal to or higher than the prod-
uct condition even when the light source unit 1030 is op-
erated for a certain time or more under the high-beam
irradiation. Thatis, it is possible to arrange the light emit-
ting elements 1031 as close as possible above the optical
axis Ax while sufficiently securing a heat radiation area
of the substrate 1032 in order to reduce the temperature
rise of the light emitting elements 1031. In this manner,
it is possible to reduce a decrease in the product life of
the vehicle lamp 1001.

[0209] Further, the substrate 1032 on which the light
emitting elements 1031 are mounted is fixed to the base
member 1040 formed of aluminum or the like. Therefore,
heat generated from the light emitting elements 1031 can
be radiated from the base member 1040 via the substrate
1032, and the light emitting elements 1031 are further
prevented from being heated to a temperature equal to
or higher than the product condition.

[0210] Further, in the vehicle lamp 1001, the upper
plate portion 1021 and the lower plate portion 1022 are
provided on the upper and lower sides in front of the light
emitting elements 1031 in order to allow light emitted
from the light emitting elements 1031 to be efficiently
incident on the projector lens 1011. Furthermore, in order
to obtain a good light distribution by increasing the max-
imum (Max) luminosity of light emitted from the projector
lens 1011, the substrate 1032 on which the light emitting
elements 1031 are mounted is inclined, the amount of
light incident on the upper plate portion 1021 and the
lower plate portion 1022 is increased, and light is con-
trolled (collected) with the upper plate portion 1021 and
the lower plate portion 1022. In this case, when the light
emitting elements 1031 are spaced, in the front-direction
of the lamp, away from the front end edge 1021a1 of the
upper plate portion 1021, the maximum luminosity is low-
ered. Further, when the light emitting elements 1031 are
too close, in the front-rear direction of the lamp, to the
front end edge 1021a1, unevenness occurs in light dis-
tribution. On the other hand, when the positions of the
light emitting element 1031 are raised, in the upper-lower
direction of the lamp, too much upward, it is difficult to
form the upper plate portion 1021. Further, when the po-
sitions of the light emitting element 1031 are lowered, in
the upper-lower direction of the lamp, too much down-
ward, a bright light distribution portion due to direct light
appears above and away from a cut line. Therefore, in
consideration of these points, in the vehicle lamp 1001,
the light emitting elements 1031 are disposed at such a
position (see FIG. 17) that the distance from the frontend
edge 1021a1 to the light emitting elements 1031, that is,
Cislessthan 5mm and D is less than 4mm (C<5mm and
D<4mm). In this way, occurrence of unevenness can be
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reduced while securing brightness, and the excellent ad-
ditional high-beam light distribution pattern PA can be
obtained.

[0211] Next, a modification of a shade member in the
above-described embodiment will be described with ref-
erence to FIG. 19. Meanwhile, since the parts having the
same reference numerals as those of the above-de-
scribed fourth embodiment described above have the
same function, arepeated explanation thereof is omitted.
[0212] As shown in FIG. 19, in a state where the sub-
strate 1032 is fixed to the inclined wall portion 1040b of
the base member 1040, an upper tip end portion 1032p
of the substrate 1032 can function as a shade for forming
the cutofflines CL1, CL2 of the low-beam light distribution
pattern PL1. In this case, the substrate 1032 is fixed such
that the tip end portion 1032p is positioned above the
optical axis Ax. Further, the upper plate portion 1021 ar-
ranged in the above described manner is not disposed
on the front side of the tip end portion 1032p of the sub-
strate 1032. Meanwhile, although not shown in FIG. 19,
a reflector for the light emitting elements 1031 may be
provided above the substrate 1032, for example.
[0213] According to such a configuration, it becomes
easy to arrange the light emitting elements 1031 in the
vicinity of the rear focal point F of the projector lens 1011,
and it is possible to improve the utilization efficiency of
light emitted from the light emitting elements 1031. Fur-
ther, since a part of the substrate 1032 on which the light
emitting elements 1031 are mounted can be used as a
shade, itis unnecessary to provide the upper plate portion
1021 which is provided as a shade in the above embod-
iment, and the number of parts can be reduced.

<Light Distribution Pattern>

[0214] FIGS. 20A and 20B are views perspectively
showing light distribution patterns which are formed on
a virtual vertical screen disposed at a position of 25m in
front of the vehicle by light irradiated forward from the
vehicle lamps 1A to 1D and 1001 according to the first
to fourth embodiments. FIG. 20A shows a high-beam
light distribution pattern PHI, and FIG. 20B shows an in-
termediate light distribution pattern PM1. The high-beam
light distribution pattern PH1 shown in FIG. 20A is formed
as a combined light distribution pattern of the low-beam
light distribution pattern PL1 and the additional high-
beam light distribution pattern PA.

[0215] The low-beam light distribution pattern PL1 is a
low-beam light distribution pattern of left light distribution
and has the cutoff lines CL1, CL2 with different left and
right levels at its upper end edge. The cutoff lines CL1,
CL2 extend substantially horizontally with different left
and right levels with a V-V line as a boundary. The V-V
line vertically passes through a point H-V that is a van-
ishing pointin the front direction of the lamp. An oncoming
vehicle-lane side portion on the right side of the V-V line
is formed as a lower stage cutoff line CL1, and an own
vehicle-lane side portion on the left side of the V-V line
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is formed as an upper stage cutoff line CL2 which is
stepped up from the lower stage cutoff line CL1 via an
inclined portion.

[0216] The low-beam light distribution pattern PL1 is
formed by projecting the light source images of the light
emitting elements 13, 1013 formed on the rear focal
planes of the projector lenses 11, 1011 by the light emit-
ted from the light emitting elements 13, 1013 and reflect-
ed by the reflectors 14, 1014, as inverted projected im-
ages, on the virtual vertical screen by the projector lenses
11, 1011. The cutoff lines CL1, CL2 are formed as invert-
ed projected images of the front end edges 21a1, 1021a1
in the upward reflective surfaces 21a, 1021a of the upper
plate portions 21,1021. Thatis, the frontend edges 21a1,
1021a1 of the upward reflective surfaces 21a, 1021a
function as shades for shielding a part of light emitted
from the light emitting elements 13, 1013 and directed to
the projector lenses 11, 1011 in order to form the cutoff
lines CL1, CL2 of the low-beam light distribution pattern
PL1.

[0217] In the low-beam light distribution pattern PL1,
an elbow point E that is an intersection between the lower
stage cutoff line CL1 and the V-V line is positioned at an
angle of about 0.5° to 0.6° below the point H-V, for ex-
ample.

[0218] In the high-beam light distribution pattern PHI,
the additional light distribution pattern PA is additionally
formed as a horizontally elongated light distribution pat-
tern so as to spread upward from the cutoff lines CLA1,
CL2, thereby irradiating a travelling road in front of the
vehicle in a wide range. The additional light distribution
pattern PA is formed as a combined light distribution pat-
tern of eleven light distribution patterns Pa. Each light
distribution pattern Pais a light distribution pattern which
is formed as an inverted projected image of the light
source image of each light emitting element formed on
the rear focal plane of each of the projector lenses 11,
1011 by the light emitted from each of the light emitting
elements 31, 1031.

[0219] Eachlightdistribution pattern Pa has a substan-
tially rectangular shape slightly long in the upper-lower
direction. Although the light emission surface of each light
emitting element has a square shape, each light distri-
bution pattern Pa has a substantially rectangular shape
slightly long in the upper-lower direction because the light
reflected by the reflective surfaces 21b, 21a of the first
to third embodiments and the reflected light by the re-
flective surfaces 1021b, 1021a of the fourth embodiment
are diffused upward and downward. Further, the respec-
tive light distribution patterns Pa are formed so as to
slightly overlap with each other between adjacent light
distribution patterns Pa. The reason is that the light emit-
ting elements are arranged behind the rear focal planes
of the projector lenses 11, 1011 and the range of the
bundle of light beams passing through the rear focal
planes of the projector lenses 11, 1011 slightly overlaps
between adjacent light emitting elements.

[0220] Furthermore, in the firstembodiment, each light
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distribution pattern Pa is formed such that its lower end
edge matches or partially overlaps with the cutoff lines
CL1, CL2. The reason is that light (mainly from the light
emitting elements 31) incident on the upper region 11A
of the projector lens 11 is emitted as light (closer to the
side of the low-beam light distribution pattern PL1) slight-
ly downward from the upper exit surface 11a of the pro-
jector lens 11 by the curvature of the upper exit surface
11a being greatly curved.

[0221] Further, in the second to fourth embodiments,
each light distribution pattern Pa is formed such that its
lower end edge matches the cutoff lines CL1, CL2. The
reason is that the downward reflective surfaces 21b,
1021b of the upper plate portions 21, 1021 for reflecting
a part of light emitted from the light emitting elements 31,
1031 toward the front side are integrally formed with the
upward reflective surfaces 21a, 1021a so that the down-
ward reflective surfaces 21b, 1021b extend obliquely
downward and rearward from the front end edges 21a1,
1021a1 of the upward reflective surfaces 21a, 1021a of
the same upper plate portions 21, 1021 to a position near
the upper side of the light emitting elements 31, 1031.
[0222] In the first to fourth embodiments, as compared
with the high-beam light distribution pattern PHI, the in-
termediate light distribution pattern PM1 shown in FIG.
20B is formed as a light distribution pattern having an
additional light distribution pattern PAm in which a part
of the additional light distribution pattern PA is missing,
instead of the additional light distribution pattern PA.
[0223] The additional light distribution pattern PAm is
formed as a light distribution pattern in which the third
and fourth light distribution patterns Pa from the right side
of the eleven light distribution patterns Pa are missing,
for example. The additional light distribution pattern PAm
is formed by turning off the third and fourth light emitting
element from the left side of the eleven light emitting el-
ements 31, 1031. When such an intermediate light dis-
tribution pattern PM1 is formed, the illumination light from
the vehicle lamps 1A to 1D and 1001 irradiates the trav-
elling road in front of the vehicle as widely as possible
within a range in which it does not give a glare to a driver
of an on-coming vehicle 2 while being prevented from
hitting the on-coming vehicle 2, for example. Further, as
the position of the on-coming vehicle 2 changes, the
shape of the additional light distribution pattern PAm is
changed by sequentially switching the light emitting ele-
ments to be turned off. In this way, it is possible to main-
tain a state of widely irradiating the travelling road in front
of the vehicle within a range in which it does not give a
glare to a driver of the oncoming vehicle 2. Meanwhile,
the presence of the oncoming vehicle 2 is detected by
an in-vehicle camera or the like (not shown).

[0224] Meanwhile, in the case of the configuration ca-
pable of selectively performing a low-beam irradiation
and a high-beam irradiation by a projector type optical
system using a single projector lens, a member (shade)
for shielding a part of light emitted from a light source is
required in order to form the cutoff line of the low-beam
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light distribution pattern. Since a tip end of the shade is
a partwhich cannot reflect light and causes a dark portion
in the light distribution pattern, it is desired to form the tip
end as thin as possible. However, itis impossible to phys-
ically reduce the thickness of the tip end to zero. There-
fore, as shown in FIG. 5A, in the high-beam light distri-
bution pattern PH1, a dark portion (hatched portion) 101
occurs between the low-beam light distribution pattern
PL1 and the additional high-beam light distribution pat-
tern PA by the size corresponding to the thickness of the
shade.

[0225] On the contrary, according to the vehicle lamp
1A of the first embodiment, the optical path change por-
tion 51 is formed in which the curvature of the exit surface
in the upper exit surface 11a of the projector lens 11
disposed above the optical axis Ax is greatly curved.
Therefore, the light (in which the ratio of light from the
light emitting elements 31 is high) incident on the upper
region 11A of the projector lens 11 is emitted slightly
downward from the upper exit surface 11a by the optical
path change portion 51, as compared with the case where
the optical path change portion 51 is not provided. In this
way, as shown in FIG. 5B, in the high-beam light distri-
bution pattern PH1, the additional light distribution pat-
tern PA can be slid downward (from the position indicated
by the broken line to the position indicated by the solid
line) as a whole, and the low-beam light distribution pat-
tern PL1 and the additional light distribution pattern PA
can partially overlap with each other at the portions of
the cutoff lines CL1, CL2. Thus, it is possible to enhance
the continuity between the low-beam light distribution
pattern PL1 and the additional light distribution pattern
PA. As a result, the occurrence of a dark portion appear-
ing at a high-beam irradiation can be reduced, thereby
reducing unnatural feeling to be caused to a driver.
[0226] Meanwhile, the same effect can be obtained
even when the light is emitted slightly downward by the
optical path change portion 51 and irradiated to allow the
lower side of the additional light distribution pattern PA
to spread downward (in the direction of the low-beam
light distribution pattern PL1), and the low-beam light dis-
tribution pattern PL1 and the additional light distribution
pattern PA overlap with each other.

[0227] Further, in the vehicle lamp 1A of the first em-
bodiment, the light emitting elements 31 are arranged
below the rear focal point F and can be individually turned
on. Therefore, by selectively turning on some of the light
emitting elements while avoiding an optical path of light
of a first light source for forming a low-beam light distri-
bution pattern, it is possible to form the additional light
distribution pattern PAm in which a part of the additional
light distribution pattern PA is missing. In this way, it is
possible to form the intermediate light distribution pattern
PM1 having a shape located between the low-beam light
distribution pattern PL1 and the high-beam light distribu-
tion pattern PH1 with a plurality of types of irradiation
patterns while enhancing the continuity between the low-
beam lightdistribution pattern PL1 and the additional light
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distribution pattern PA.

[0228] Further, in the case of the configuration capable
of selectively performing a low-beam irradiation and a
high-beam irradiation by a projector type optical system
using a single projector lens, a member (shade) for
shielding a part of light emitted from a low-beam light
source is required in order to form the cutoff line of the
low-beam light distribution pattern. Since a tip end of the
shade is a part which cannot reflect light and causes a
dark portion in the light distribution pattern, it is desired
to form the tip end as thin as possible. However, in the
configuration in which a shade is formed integrally with
a tip end of a base member as in the related art, the tip
end of the shade has a certain thickness due to the lim-
itation in the processing conditions of the base member.
Therefore, as shown in FIG. 21A, in the high-beam light
distribution pattern PHI, the dark portion (hatched por-
tion) 101 occurs between the low-beam light distribution
pattern PL1 and the additional high-beam light distribu-
tion pattern PA by the size corresponding to the thickness
of the shade.

[0229] On the contrary, according to the vehicle lamps
1B, 1C of the second embodiment, the optical member
20 serving as a shade is configured as a member sepa-
rate from the base member 40. Therefore, the shape of
the front end edge 21a1 of the upper plate portion 21 in
the optical member 20 can be formed thinner without
being limited by the processing conditions of the base
member 40. In this way, the thickness of the front end
edge 21a1, which has been an occurring cause of a dark
portion in the high-beam light distribution pattern PH1,
can be made smallerthan a conventional one. As aresult,
as shown in FIG. 21B, it is possible to reduce the occur-
rence of a dark portion to an extent thatis less noticeable
as seen from a driver.

[0230] Further, even when an optical member and a
base member are made as separate parts, as shown in
FIG. 22, in a configurationin which a shade 111 for shield-
ing a part of light emitted from a low-beam light source
110 and areflector 121 for reflecting a part of light emitted
from a high-beam light emitting element 120 are formed
as separate members, a gap 130 occurs between the
shade 111 and the reflector 121. Therefore, similar to the
light distribution pattern shown in FIG. 21A, the dark por-
tion (hatched portion) 101 occurs between the low-beam
light distribution pattern PL1 and the additional high-
beam light distribution pattern PA by the size correspond-
ing to the gap 130.

[0231] On the contrary, according to the vehicle lamps
1B, 1C of the second embodiment, the upward reflective
surface 21a constituting the shade and the downward
reflective surface 21b configured to reflect the light of the
light emitting elements 31 are integrally formed as the
upper surface and the lower surface of the upper plate
portion 21. Therefore, a gap does not occur between the
upward reflective surface 21a and the downward reflec-
tive surface 21b. Further, similar to the light distribution
pattern shown in FIG. 21B, it is possible to enhance the
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continuity between the low-beam light distribution pattern
PL1 and the additional light distribution pattern PA by
reducing the occurrence of the dark portion to a non-
noticeable extent.

[0232] Further, according to the vehicle lamps 1B, 1C
of the second embodiment, the upward reflective surface
21a of the upper plate portion 21 constituting the optical
member 20 is configured as a reflective surface for re-
flecting light of the light emitting element 13, and the
downward reflective surface 21b of the upper plate por-
tion 21 and the reflective surface 22a of the lower plate
portion 22 is configured as a reflective surface for reflect-
ing light of the light emitting elements 31. Therefore, it is
possible to efficiently reflect the light emitted from the
light emitting element 13 and the light emitting elements
31 to the incident surface of the projector lens 11 by the
optical member 20 configured as a single member.
[0233] Further, since the light emitting elements 31 are
configured to be exposed from the opening 23 formed
between the upper plate portion 21 and the lower plate
portion 22, the substrate 32 on which the light emitting
elements 31 are mounted can be easily arranged up-
ward. Therefore, the light emitting elements 31 mounted
on the substrate 32 can be arranged near the rear focal
point F of the projector lens 11, and the utilization effi-
ciency of direct light emitted from the light emitting ele-
ments 31 can be enhanced.

[0234] Further, when the reflective member 25 is fixed
to the base member 40, a space S is formed above the
front upper wall portion 40a1 of the base member 40.
Therefore, the upper end portion 32a of the substrate 32
on which the light emitting elements 31 are mounted can
be arranged above the optical axis Ax, and the upper end
portion 32a arranged on the upper side can be accom-
modated in the space S. In this way, the degree of free-
dom in arranging the substrate 32 is improved and the
light emitting elements 31 can be arranged near the rear
focal point F of the projectorlens 11, so that the utilization
efficiency of direct light emitted from the light emitting
elements 31 can be enhanced.

[0235] Further, the upward reflective surface 21a of
the upper plate portion 21 and the upward reflective sur-
face 25a of the reflective member 25 are arranged such
that a stepped portion connecting the rear upper wall
portion 40a2 of the base member 40 formed slightly high-
er than the horizontal plane including the optical axis Ax
with the rear focal point F is configured by a smooth in-
clined surface. Therefore, it is possible to efficiently re-
flect the light emitted from the light emitting element 13
toward the projector lens 11 by the inclined surface.
[0236] Further, the substrate 32 on which the light emit-
ting elements 31 are mounted is fixed, together with the
optical member 20, to the base member 40 by the same
fixing member 61. Therefore, the light emitting elements
31 can be easily arranged at positions close to the rear
focal point F of the projector lens 11, and the utilization
efficiency of direct light emitted from the light emitting
elements 31 can be enhanced.
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[0237] Further, aluminum die cast or transparent poly-
carbonate resin or the like having high heat resistance
is used as the material of the optical member 20, and the
optical member 20 is fixed to the base member 40 serving
as a heat sink. In this way, the temperature rise of the
optical member 20 is prevented, and it is possible to re-
duce the deformation and deterioration of the optical
member 20 that can occur by sunlight passing through
the projector lens 11 and condensed in the vicinity of the
optical member 20.

[0238] Furthermore, as a configuration example in
which alow-beam irradiation and a high-beam irradiation
can be selectively performed by a projector type optical
system using a single projector lens, an example shown
in FIG. 23A is considered. In this example, a light source
231 and a reflector 222 for forming the additional high-
beam light distribution pattern PA are disposed below a
shade 221 for forming the cutoff lines CL1, CL2 of the
low-beam light distribution pattern PL. Normally, the light
source 231 is mounted on a substrate 232 and fixed to
a heat sink (base member) 240 in order to secure heat
radiation. Furthermore, the light source 231 is mounted
at a position securing a predetermined distance A from
an end of the substrate 232 in order to secure heat radi-
ation (see FIG. 23B).

[0239] In this case, forexample, as shown in FIG. 23A,
the substrate 232 is fixed to a front surface of the heat
sink 240 configured perpendicular to the optical axis Ax
of a projector lens 211 so that a light emission surface
of the light source 231 faces the projector lens 211.
Therefore, the rate at which light (direct light) emitted in
the front direction of the light source 231 passes through
the vicinity of the rear focal point is not so high, and the
utilization efficiency of light is lowered. Further, since the
substrate 232 is fixed in a position (in a circle indicated
by the broken line) where the upper portion of the sub-
strate 231 does not interfere with the shade 221, the po-
sition of the light source 231 mounted on the substrate
232 is spaced downward by a large distance B from the
optical axis Ax. Therefore, as shown in FIG. 23C, a por-
tion C spaced upward from an H line in the additional
high-beam light distribution pattern PH1 becomes bright-
er, and a good light distribution as the high-beam light
distribution pattern PH1 cannot be obtained. Further, a
dark portion may occur between the low-beam light dis-
tribution pattern PL and the additional high-beam light
distribution pattern PA.

[0240] On the contrary, according to the vehicle lamp
1D of the third embodiment, the light emitting elements
31 mounted on the substrate 32 are arranged above the
inclined wall portion 40b of the base member 40. In this
case, the light emission surfaces 31a of the light emitting
elements 31 are fixed at positions on the lower and rear
side of the rear focal point F so as to face obliquely for-
ward and upward. Therefore, most of light emitted from
the light emitting elements 31 is allowed to pass through
the vicinity of the rear focal point F while placing the po-
sitions of the light emitting elements 31 at positions avoid-
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ing a path of light for forming the low-beam light distribu-
tion pattern PL. In this way, the utilization efficiency of
light of the light emitting elements 31 can be improved,
and a good high-beam light distribution pattern PH1 can
be obtained. Further, as shown in FIG. 23D, a distance
D from the light emitting elements 31 to the optical axis
Ax can be made smaller than the distance B shown in
FIG. 23A. Thus, since the light emitting elements 31 can
be brought close to the rear focal point F, as shown in
FIG. 23E, a portion E in the vicinity of the H line in the
additional high-beam light distribution pattern PA can be
brightened, and a good light distribution pattern as the
high-beam light distribution pattern PHI can be obtained.
Further, a dark portion is unlikely to occur between the
low-beam light distribution pattern PL and the additional
high-beam light distribution pattern PA.

[0241] Further, the upper plate portion 21 of the optical
member 20 serving as a shade is configured to also serve
as a reflector (the downward reflective surface 21b) of
the light emitting elements 31 and is fixed to the inclined
wall portion 40b of the base member 40 together with the
substrate 32. Therefore, since the substrate 32 and the
upper plate portion 21 do not interfere with each other,
the substrate 32 can be arranged upward. For example,
the upper end portion 32a of the substrate 32 may be
arranged above the optical axis Ax. In this way, the light
emitting elements 31 mounted on the substrate 32 can
be further brought close to the rear focal point F, and a
good light distribution pattern as the high-beam light dis-
tribution pattern PH1 can be obtained.

[0242] Further, the light emitting elements 31 of the
substrate 32 fixed to the inclined wall portion 40b of the
base member 40 together with the optical member 20
are arranged to be exposed from the opening 23 formed
in the optical member 20. Therefore, the light emitting
elements 31 can be further easily arranged close to the
rear focal point F, and a good light distribution pattern as
the high-beam light distribution pattern PHI can be ob-
tained.

[0243] Further, the plurality of light emitting elements
31 are arranged in the left-right direction, and each of the
light emitting elements 31 is fixed at a position on the
lower and rear side of the rear focal point F so as to face
obliquely forward and upward. Therefore, the utilization
efficiency of light of the light emitting elements 31 can be
improved, and a good light distribution pattern can be
obtained.

[0244] Further, since the light emitting elements 31 are
arranged so as to face obliquely forward and upward, the
amount of light incident on the downward reflective sur-
face 21b of the upper plate portion 21 from the light emit-
ting elements 31 can be increased. Therefore, the light
reflected by the downward reflective surface 21b is set
to pass through the vicinity of the rear focal point F, and
the portion near the H line can be further brightened, so
that a good light distribution pattern as the high-beam
light distribution pattern PH1 can be obtained.

[0245] Meanwhile, the disclosure is not limited to the
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above-described embodiments, but can be appropriately
deformed orimproved. In addition, the materials, shapes,
dimensions, numerical values, modes, quantities, and lo-
cations and the like of the respective components in the
above-described embodiments are arbitrary and not lim-
ited as long as they can achieve the disclosure.

[0246] The present application is based on Japanese
Patent Application No. 2015-244410 filed on December
15,2015, Japanese Patent Application No. 2015-244411
filed on December 15, 2015, Japanese Patent Applica-
tion No. 2015-244412 filed on December 15, 2015, and
Japanese Patent Application No. 2015-244413 filed on
December 15, 2015, the contents of which are incorpo-
rated herein as a reference.

Claims

1. A vehicle lamp configured to selectively perform a
low-beam irradiation and a high-beam irradiation,
the vehicle lamp comprising:

a projector lens;

afirst light source disposed behind the projector
lens and configured to emit light for forming a
low-beam light distribution pattern;

a second light source disposed behind the pro-
jector lens and configured to emit light for form-
ing an additional high-beam light distribution
pattern;

a shade disposed behind the projector lens and
configured to form a cutoff line of the low-beam
light distribution pattern; and

an optical path change portion configured to
change an optical path of a part of light emitted
from the second light source so as to travel to-
ward a portion between the low-beam light dis-
tribution pattern and the additional high-beam
light distribution pattern.

2. The vehicle lamp according to claim 1,
wherein the optical path change portion is formed in
aregion of an exit surface of the projector lens where
an emission rate of light emitted from the second
light source is higher than that of light emitted from
the first light source.

3. The vehicle lamp according to claim 2,
wherein the optical path change portion is formed as
a texture on the region of the exit surface.

4. The vehicle lamp according to claim 2,
wherein the optical path change portion is formed as
a lens step on the region of the exit surface.

5. The vehicle lamp according to claim 1,
wherein the optical path change portion is formed in
a region of an incident surface of the projector lens
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where an incident rate of light emitted from the sec-
ond light source is higher than that of light emitted
from the first light source.

6. The vehicle lamp according to claim 5,
wherein the optical path change portion is formed as
a lens step on the region of the incident surface.

7. The vehicle lamp according to claim 5,
wherein the optical path change portion is formed as
a texture on the region of the incident surface.

8. The vehicle lamp according to claim 1,
wherein the optical path change portion is formed in
a region between the projector lens and the second
light source where a passing rate of light emitted
from the second light source is higher than that of
light emitted from the first light source.

9. The vehicle lamp according to claim 8,
wherein the optical path change portion includes an
additional optical member provided in the region.

10. The vehicle lamp according to any one of claims 1
to 9,
wherein the second light source includes a plurality
of light emitting elements, and the plurality of light
emitting elements are arranged in a left-right direc-
tion below a rear focal point of the projector lens and
configured to be individually turned on.

11. A vehicle lamp configured to selectively perform a
low-beam irradiation and a high-beam irradiation,
the vehicle lamp comprising:

a projector lens;

afirst light source disposed behind the projector
lens and configured to emit light for forming a
low-beam light distribution pattern;

a second light source disposed behind the pro-
jector lens and configured to emit light for form-
ing an additional high-beam light distribution
pattern;

a base member on which the first light source
and the second light source are disposed; and
an optical member being a member separate
from the base member and configured to serve
as a shade for forming a cutoff line of the low-
beam light distribution pattern in a state of being
attached to the base member.

12. The vehicle lamp according to claim 11,
wherein in a state where the optical member is at-
tached to the base member, the optical member
serves as the shade for forming the cutoff line of the
low-beam light distribution pattern and also serve as
a reflector for reflecting at least a part of light emitted
from the second light source toward the projector
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lens.

The vehicle lamp according to claim 11 or 12,
wherein an opening portion is formed in the optical
member, and

wherein in a state where the optical member is at-
tached to the base member, the second light source
is exposed from the opening portion toward a front
of the lamp.

The vehicle lamp according to claim 13,

wherein the optical member is formed with an upper
plate portion above the opening portion, and
wherein an upper surface of the upper plate portion
includes afirst reflective surface configured to reflect
light emitted from the first light source toward the
projector lens.

The vehicle lamp according to claim 14,

wherein a lower surface of the upper plate portion
on a side opposite to the upper surface includes a
second reflective surface configured to reflect light
emitted from the second light source toward the pro-
jector lens.

The vehicle lamp according to claim 14 or 15,
wherein a tip end of the upper plate portion in a front-
rear direction of the lamp is configured to form a cut-
off line of the low-beam light distribution pattern.

The vehicle lamp according to any one of claims 14
to 16,

wherein the optical member is formed with a lower
plate portion below the opening in the optical mem-
ber, and

wherein an upper surface of the lower plate portion
includes a third reflective surface configured to re-
flect light emitted from the second light source toward
the projector lens.

The vehicle lamp according to any one of claims 11
to 17,

wherein the second light source includes a light emit-
ting element and a substrate on which the light emit-
ting element is disposed,

wherein an upper end portion of the substrate is ar-
ranged above an optical axis of the projector lens,
and

wherein the vehicle lamp includes a cover member
covering the upper end portion from above and con-
figured to reflect light emitted from the first light
source toward the projector lens.

The vehicle lamp according to any one of claims 11
to 17,

wherein the second light source includes a light emit-
ting element and a substrate on which the light emit-
ting element is disposed,
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wherein the base member includes a first surface on
which the first light source is disposed and a second
surface to which the substrate of the second light
source is fixed, and

wherein in a state where the optical member is at-
tached to the base member, a gap in which an upper
end portion of the substrate enters is formed be-
tween the optical member and a tip end of the first
surface in the front-rear direction of the lamp.

The vehicle lamp according to claim 18 or 19,
wherein the substrate is interposed between the
base member and the optical member and is fixed,
together with the optical member, to the base mem-
ber by a fixing member.

The vehicle lamp according to any one of claims 11
to 20,

wherein the optical member is formed of a transpar-
ent polycarbonate resin.

A vehicle lamp configured to selectively perform a
low-beam irradiation and a high-beam irradiation,
the vehicle lamp comprising:

a projector lens;

afirst light source disposed behind the projector
lens and configured to emit light for forming a
low-beam light distribution pattern;

a second light source disposed behind the pro-
jector lens and configured to emit light for form-
ing an additional high-beam light distribution
pattern; and

a base member on which the first light source
and the second light source are disposed;
wherein the base member includes a first sur-
face on which the first light source is disposed
and a second surface on which the second light
source is disposed, and

wherein the second surface is an inclined sur-
face inclined with respect to an optical axis of
the projector lens such that an emission portion
of the second light source disposed on the sec-
ond surface faces obliquely forward and upward
and the emission portion of the second light
source is disposed below a rear focal point of
the projector lens.

The vehicle lamp according to claim 22,

wherein the second light source includes a plurality
of light emitting elements and a substrate on which
the plurality of light emitting elements are disposed,
wherein the substrate is fixed to the inclined surface,
and

wherein the plurality of light emitting elements are
arranged on the inclined surface via the substrate.

The vehicle lamp according to claim 23,
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wherein an upper end portion of the substrate is dis-
posed above the optical axis of the projector lens.

The vehicle lamp according to claim 24, further com-
prising:

an optical member serving as a shade for form-
ing a cutoff line of the low-beam light distribution
pattern in a state of being attached to the base
member,

wherein the optical member includes an opening
portion, and

wherein the plurality of light emitting elements
are exposed from the opening portion toward a
front of the lamp.

The vehicle lamp according to claim 25,

wherein the plurality of light emitting elements are
exposed from the opening portion toward a front of
the lamp, and are arranged in a left-right direction
below the rear focal point of the projector lens and
are configured to be individually turned on.

A vehicle lamp comprising:

a projector lens; and

alight source disposed behind the projector lens
and configured to emit light for forming a prede-
termined light distribution pattern;

wherein the light source includes a plurality of
light emitting elements and a metal substrate on
which the plurality of light emitting elements are
arranged,

wherein a plurality of wiring patterns and mount-
ing portions formed respectively for the wiring
patterns are formed on the substrate,

wherein the light emitting elements are connect-
ed to the mounting portions, and each light emit-
ting element is configured to be individually
turned on, and

wherein when a shortest distance between the
mounting portions and end portions of the wiring
patterns is defined as A, a shortest distance be-
tween the mounting portions and an end portion
of the substrate is defined as B, and a minimum
arrangement pitch between the plurality of light
emitting elements is defined as Pmin,

aratio (A/Pmin) of the shortest distance A to the
minimum arrangement pitch Pmin is 0.57 or
more, and

aratio (B/Pmin) of the shortest distance B to the
minimum arrangement pitch Pminis 1.7 ormore.

The vehicle lamp according to claim 27, further com-
prising:

a metal base member on which the light source
is disposed,
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wherein the substrate is fixed to the base mem-
ber, and

wherein the plurality of light emitting elements
are arranged on the base member via the sub-
strate.

The vehicle lamp according to claim 28 being con-
figured to selectively perform a low-beam irradiation
and a high-beam irradiation, and

wherein the light source is provided to emit light for
forming an additional high-beam light distribution
pattern.

The vehicle lamp according to claim 29,

wherein in a state where the substrate is fixed on the
base member, an end portion of the substrate serves
as a shade for forming a cutoff line of the low-beam
light distribution pattern.

The vehicle lamp according to claim 29, further com-
prising:

a shade disposed behind the projector lens and
configured to form the cutoffline of the low-beam
light distribution pattern,

wherein the plurality of light emitting elements
are arranged within 5mm from a tip end of the
shade toward a rear of the lamp in a front-rear
direction of the lamp and are arranged within
4mm fromthe tip end of the shade toward a lower
side of the lamp in an upper-lower direction of
the lamp.

A substrate used for a vehicle lamp, comprising:

a plurality of light emitting elements; and

a metal substrate on which the plurality of light
emitting elements are arranged,

wherein a plurality of wiring patterns and mount-
ing portions formed respectively for the wiring
patterns are formed on the substrate,

wherein the light emitting elements are connect-
ed to the mounting portions and each of the light
emitting elements is configured to be individually
turned on, and

wherein when a shortest distance between the
mounting portions and end portions of the wiring
patterns is defined as A, a shortest distance be-
tween the mounting portions and an end portion
of the substrate is defined as B, and a minimum
arrangement pitch between the plurality of light
emitting elements is defined as Pmin,

a ratio (A/Pmin) of the shortest distance A to the
minimum arrangement pitch Pmin is 0.57 or
more, and

a ratio (B/Pmin) of the shortest distance B to the
minimum arrangement pitch Pminis 1.7 ormore.
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Invention 1 or Invention 2.

Consequently, claims 22-26 cannot be classified into either Invention
1 or Invention 2.

Then, claims 22 to 26 are classified into Invention 3 because the
claims have a special technical feature, i.e., that “a base member” “has”
“a second surface.”

(Invention 4) claims 27-32

It is not considered that claims 27-32 have a special technical feature
same as or corresponding to claim 2 classified into Invention 1, claim
11 classified into Invention 2, or claim 22 classified into Invention
3.

Further, claims 27-32 are not dependent on any one of claims 1, 11
and 22.

In addition, claims 27-32 have no relationship such that these claims
are substantially same as or equivalent to any claim classified into
Invention 1, Invention 2 or Invention 3.

Consequently, claims 27-32 cannot be classified into any one of
Inventions 1, 2 and 3.

Then, claims 27 to 32 are classified into Invention 4 because claim
30 dependent on claim 27 has a special technical feature, i.e., that
“an end portion of a substrate functions as a shade for forming a cutoff
line of a light distribution pattern for a low beam.”
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